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ABSTRACT 

Syntmetrodont mammals, generally rare and poorly represented in the fossil 
record, are exceptionally abundant in rhe Mussentuchit local fauna of the 
uppet Cedar Mountain f ormation (upper Albian or lower Cenomanian), 
Emery County, Utah, USA. Herein we describe three new species of symme¬ 
trodonts (fout or more arc present in the fauna); one is referable to 
Spalacotheridiunu otherwise known from the Turonian (Laic Cretaceous), 
and the other wo are referred to a new genus. With the possible exception of 
Mictodon , all North Ametican Cretaceous symmetrodonts are referable to the 
Spalacotheriidae. Spalacotheriids are distinctly different from more primitive 
symmetrodonts such as Ktie/ineomeriiim in jaw structure (e.g., detachment of 
postdentary elements, presence of pcerygoid crest) and molar morphology 
and function (e.g., development of continuous mesial and distal shearing sur- 
faces). To this extent, they are more clearly similar to tribosphenic therians 
than are archaic symmettodonts, although they are uniquely specialized. 
Some features of advanced spalacotheres, such as the loss of the coronoid and 
mcckclian gtoovc, developed convcrgcntly in tribosphenidans and many 
other groups, and hence represent iterative themes in the evolution of 
Mesozoic mammals. Features of the molars and deniary suggest that ihe 
Family Spahicorheriidae is a monophyletic group, with the F.uropean 
Spalacotherium and Chinese Zhnngheotherium forming successive outgroups 
to remaining geneta. Within the family, North American taxa appear io 
form a monophyletic clade, culminating in the highly specialized 
Symmetrodontoidei of the Late Cretaceous; Microdrrson, known only by a 
single upper molar from the Cretaceous of Morocco, is of enigmatic affini¬ 
ties. Spalacotheriids were clearly present in North America by the Aptian- 
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Albian and, assuming that North American taxa form an endemic and exclu¬ 
sive monophyletic group, their presence on the continenr cannot be attribut¬ 
ed to an hypothesized mid-Cretaceous interchange with Asia. Instead, 
phylogenetic data suggest their origin from western Europe sometime in the 
Early Cretaceous, supporting the hypothesis that there was some degree of 
faunal continuity' at that time between the two landmasses, based initially on 
similarities of the dinosaur assemblages. 


RESUME 

Les symmetrodontes spalacotheriides (Mammalia) du C.retaee (Albion superieur 
on Communion infcricur) do hi fautie do Mussenmchii , Formation Cedar 
Mountain, Utah, USA. 

Les manimileres symmetrodontes, qui sont gene rale merit rares et ntal repre- 
sentes dans le registre lossile, sont excepiitmdlcment abondants dans la faune 
locale dc Musscntuchit du sonimet de la Formation «■ Cedar Mountain » 
(Albien superieur on Cenontanien infdrieur), Emery County, Utah, USA. 
Nous dccrivons ici trois notivcllcs especcs de symmc’rrodonres (il exisre au 
moins quatre espdees dans la faune de Mussentudiii) ; tine cspecc se rappotte 
au genre Spalacatheriditan, connu par ailleurs dans le Turonien (Cretace 
superieur), et les deux atitres sont attribuees a un nouveau genre. A [’excep¬ 
tion, peul-etrc, de Mictodon, mus les symmetrodontes nordamericains appar- 
tiennent h la famille des Spalacotheriidae. Ces detniers different nettement 
des symmetrodontes plus primitifs tels que Kuehnentberiitrn par la structure 
de leur niSchoires (entre autres, le detachement des elements postdentatres et 
la presence d'une erdte ptdrygoi'de) et par la morphologic el la fonction de 
leurs ntolaircs (enne auirc,s, lc dcveloppcment de surfaces coupantes conti¬ 
nues mesiales et distales). Sur ce plan, ils ressemblent plus a des rheriens tribo- 
spheniques qu’ii des symmetrodontes archai'ques, ltien que presentant des 
specialisations uniques. Quelques caracteres de spal.icotheres derives, tels que 
la pertc du proCesstis cofOnoi'de et du sillon de nieckel se devcloppent de 
fa^on ennvergente chez les Trilmsphenida et de nonihreux autres groupes, et 
constituent des themes repetitifs dans l evolution des marnmileres meso- 
zoiques. Les catacteres des ntolaircs et du dentaitc suggerent que la famille 
des Spalacotheriidae constitue un groupe ntonOphyletique, le genre europeen 
Spalacothorium et le genre chinois Zbatighrotherium formant les extra-groupes 
successifs des' autres genres. Au sein dc la famille, les taxons nordarndricains 
semblent consrituer un chide motiophyletiquc qui culmine avee les formes 
hautement specialisdes comnic Symmetrodontoidef du Cretacc superieur t les 
affinites de Microderson, connu par un seule molaire superieure du Cretace 
du Maroc, restent cnigntatiques. Les spalaeorhetides et.tient clairentent pre¬ 
sent en Amcrique du Nord dds I'Alhien-Aplien ct, si I on admet que les 
taxons notd-anidrieains constituent un groupe motiophyletiquc cndc'mique 
et exclusif, leur presence sur le continent nc pent cure attrlbuee a un eventuel 
echange faunique avec I’Asic au milieu du Cretace. En revanche, les donnees 
phvlogdneiiques suggerent que I’origine des Spalacotheriidae se situe en 
Europe occidentale au Crdtacd infdrieur, renfori,Mnr ainsi I’hypothise scion 
laquelle il existait, a cette dpoque, une certaine continuite faunique entre les 
deux continents, hypothese fbndde inirialemeni sur les rcsscmblances obser- 
vees entre les faunes de dinosaures. 
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Fig. 1. — Outcrop map ot the Cedar Mountain For¬ 
mation, Utah (inset), and field area in Emery County. 
Localities are OMNFI sites that produced specimens of 
Spalacotheriidae described in the text (see Cifelli et al. 
1999, tor sections showing stratigraphic positions ol 
sites). 


INTRODUCTION 

Symmecrodonts have long been accorded a criti¬ 
cal position in mammalian evolution because the 
principal cusps of upper and lower molars form 
the “reversed triangle’’ pattern that is widely 
believed to be morphologically intermediate bet¬ 
ween the serially tricuspid condition of tricono- 
donts and the more elaborate molars of 
tribosphcnic mammals (e.g., Patterson 1956). 
Unfortunately, their fossil record is abysmal, and 
they are probably the worst represented of all 
Mesozoic mammal “groups” (in a morphological, 
nor taxonomic sense) - the recent discovery of an 
exceptional specimen front the Late Jurassic or 
Early Cretaceous of China (Hu et ill. 1697, 
1998) notwithstanding, Given the fact that 
knowledge of synunetrodont diversity and mor¬ 
phology is poor, it is unsurprising that they are 
generally omitted from comprehensive analyses 
of mammalian phylogeny (e.g,, Rowe 1688; 
Wible 1991; Wible & Hopson 1993; Rougier 
et al. 1996), notable exceptions being the works 
of Prothero (1981) and Hu et al. (1997). In 


North America, symmetrodonts were long 
known from the Late Jurassic only, as represented 
by Tittodon Marsh, 1879 and the probably syno¬ 
nymous Eurylambda Simpson, 1929 (sec 
Simpson 1929; Crompton &c Jenkins 1967; 
Prothero 1981). Later discoveries recorded the 
survival of apparent “acute-angled” spalaco- 
theriids, hitherto represented Only in what was 
then considered the Jurassic ol England, in the 
Early Cretaceous ol Texas (Patrerson 1955, 
1956) and the I.ate Cretaceous of Alberta (Fox 
1972. 1976, 1985) and southern Utah (Cifelli & 
Madsen 1986; Cifelli 1990). Mictodou box, 
1984, an apparently telictual taxon from the 
Campanian of western Canada, represents the 
only record of an “obtuse-angled" symmetrodont 
from the Cretaceous of North America (Fox 
1984b). 

Herein we describe new taxa of intermediate age 
between these Early and Late Cretaceous records 
in North America. One of the taxa, at least, is 
represented by an unusually comprehensive 
series, affording the opportunity to examine 
variation and positional changes in the molar 
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series, anti presenting new information on the 
dentary of advanced Spalacothcriidac. Finally, wc 
briefly comment on the status and placement of 
the Spalacothcriidae with respect to other sym- 
metrodonrs and to more advanced mammal 
groups, and provide an hypothesis of relation¬ 
ships within Spalacothcriidae. 

The symmetrodonts described herein were col¬ 
lected from the Cedar Mountain Formation, 
Hmcr) r County, Utah. This unit was named for a 
series of terrigenous sedimentary rocks lying bet¬ 
ween the Upper Jurassic Morrison Formation 
and the Upper Cretaceous Dakota Formation 
(Stokes 1944, 1952), and is broadly exposed in 
central and eastern Utah (Fig. 1). Five units (in 
ascending order) of the formation are now reco¬ 
gnized: the Buckliorn Conglomerate, and the 
Yellow Cat, Poison Strip Sandstone, Ruby 
Ranch, and Mussentuchit members (Kirkland 
et al. 1997). The symmetrodont specimens 
resulted from a concerted collecting effort in a 
restricted stratigraphic interval of the uppermost 
unit, the Mussentuchit Member. 10-20 m below 
the contact with the overlying Dakota For¬ 
mation. The specimens described herein derive 
from eight sites (Fig. 1); the vast majority were 
collected from OMNH locality V695. The fossil 
horizon at this locality is directly overlain by a 
volcanic ash. Multiple, concordant ''°Ar/- v) Ar 
determinations on sanidinc phciiodysts from 
this ash, and front the same horizon nearby, yield 
a date of 98.39 ± 0.07 M 3 (Cifelli et al. 1997); 
hence, the fauna is indistinguishable in age from 
the Albian-Cenoinanialt (Early-Late Cretaceous) 
boundary, placed at 98.5 ± 0,5 Ma by 
Obradovieh (1993) and at 98.9 t 0.6 Ma by 
Gradstein et al. (1995). Srrarigraphic sections 
showing placement of the principal fossil locali¬ 
ties arc given in Cifelli et al. (in press). 

The vertebrate assemblage from the upper part 
of the Cedar Mountain Formation, termed the 
Mussentuchit local fauna, is known by more 
than 5000 specimens representing about 80 taxa 
(Cifelli et al. 1999). Of the mammals, only the 
marsupial or near-marsupial KokopeUia Cifelli, 
1993 (see Cifelli 1993; Cifelli 8c Mufzon 1997). 
three triconodontids (Cifelli & Madsen 1998), 
and several multituberculates (Eaton 6C Nelson 
1991) have been described thus far. 


METHODS 

Specimens were recovered using a combination 
of standard quarry procedures, chrough which 
most of the denrulous jaw fragments and a few 
of die larger isolated teeth were recovered, cou¬ 
pled with a large-scale underwater screen washing 
operation (Cifelli et al. 1996; Madsen 1996). It 
is worthwhile pointing out that most of die iso¬ 
lated teeth were recovered from die fine fraction 
of intemested screen boxes, in which the corres¬ 
ponding .screen size was 30-rnesh; had only win¬ 
dow screen been employed, as is common 
practice for Late Cretaceous rocks oi the LIS, few 
of these specimens (most ol which have a maxi¬ 
mum dimension of significantly less than I mm) 
would have been recovered. 

Measurements were taken with a Reflex micro¬ 
scope. which permits non-contact recording of 
point coordinates in chree dimensions; minimum 
standard errors are two microns on the x, y-axes 
and five microns on the /-axis (MacLarnon 
1989). Reflex data are automatically recorded to 
0.001 mm, and these data are reproduced verba¬ 
tim here, although we point out that this does 
not take into account measurement error (see 
Lillegraven & Bieber 1986). 

Measurements are shown in Figure 2. 
Spalacotheriid molars are extremely small and 
fragile; the lower molar cingula arc particularly 
vulnerable to breakage. In order to maximize 
sample size for lower molars, we took standard 
length and width measurements minus the cin¬ 
gulum. We remeasured specimens ol other rele¬ 
vant Spalacothcriidae using the same procedure; 
measurements of Spalacotherdidcs bridivelli 
Emerson, 1955 are from an epoxy cast, and 
those of Symmepvdontoides canadensis Fox, 1976 
are from Fox (1976, fig. 5; 1985, fig. I), Other 
measurements were taken by defining points at 
the apices of the primary cusps (paraconid, pro- 
totonjd, rnetaconid) and calculating: (1) the dis¬ 
tances between them; (2) the angle (herein called 
trigonid angle) formed between the points, with 
the protoconid at the apex. The trigonid angle is 
lather variable, even among teeth of the same 
locus. Consideration of tooth morphology sug¬ 
gests that the trigonid angle decreases wirh wear: 
the mesial and distal faces of the paraconid and 
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angle 


i 



Fig. 2. — Spalacotheriid molars showing measurement conventions; A, right lower molar, occlusal view; B, right lower molar oblique 
occlusolingual view; C, left upper molar, occlusal view. Abbreviations; angle, angle lormed by lines connecting apices of paraconid 
lo protoconid and metaconid to protoconid; ANW, anterior width (greatest width of lower molars); L, mesodistal length; pad-med, 
distance from apex of paraconid to apex of metaconid; POW, posterior width; prd-med, disiance from apex of protoconid lo apex of 
metaconid. 


metaconid (respectively) are rather vertical, where¬ 
as their opposing faces slope downward toward 
each other, so that the apparent centers of the 
cusps will migrate toward each other as wear pro¬ 
gresses. We also attempted to take height measu¬ 
rements. However, our efforts were frustrated by 
our inability to define a repeatable plane of refe¬ 
rence, and the fact that wear varies considerably 
from one specimen to the next. Hence, refe¬ 
rences to difference in crown height are qualita¬ 
tive only. For upper molars, we took measure¬ 
ments (Fig. 2) analogous to those employed for 
tribosphenic therians (see Lillegraven 1969, 
fig. 5). Calculations, descriptive statistics, and 
tests were done with Systat version 7; original 
data are available from the senior author upon 
request. 

Dental terminology is shown in Figure 3. The 


homologies of some of the upper molar cusps of 
spalacorheriids and other symmetrodonts — e.g., 
the presence of a metacone (Butler 1939; 
Patterson 1956)— are unclear, and the nomen¬ 
clature is inconsistent. Most workers have refer¬ 
red to the three primary cusps of upper and 
lower molars in primitive mammals as A, B, and 
C; and a, b, and c, respectively (e.g., Crompton 
& Jenkins 1968; Cassiliano & Clemens 1979; 
Jenkins & Crompton 1979). Crompton (1971) 
regarded rhe metacone of rribosphenic Theria as 
a neomorph, and referred to the distolabial of the 
three primary upper molar cusps as cusp “c”; we 
follow convention in referring ro this as cusp C : 
in order to avoid confusion with lower molar 
cusp c, though we point our that similar pro¬ 
blems exist with this term, as upper molars of 
primitive marsupials and certain other rribo- 
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distal stylar cusp 




protoconid 



Fig. 3. — Dental terminology employed in this paper; A, upper molar (M4) of Spalacotherium (modified after Simpson 1928a, fig. 34, 
and Patterson 1956, fig. 12); B. upper molar of Spalacolestes\ C, lower molar of Spalacolestes. 


sphenic mammals have a stylar cusp C (see 
Clemens 1979, \ve thank R. C. Fox lor pointing 
this out to us), Other authors (Butler 1939; 
Patterson 1956; Kermack et til. 1968; Prothero 
1981; Hopson 1997) interpret cusp C — which 
in spalacotheriids (where present) is located on 
the postpara crista about midway between the 
paracone and the disiolabial corner of the tooth 
- as homologous with the tribosphenidan meta¬ 
cone. Following arguments presented by 
Sigogneau-lvussdl & Ensom (1998), we believe 
this to be probable, but lollow Hu et al. (1998) 
in retaining the traditional nomenclature for spa¬ 
lacotheriids. Certain spalacotheriids also have an 
unusual Cusp on the preparaCrista, about halfway 
between the paracone and the meSolabial corner 
of the tooth, where a second cusp is generally 
present. We follow Patterson (1956) and 


Sigogneau-Russell & Ensom (1998) in regarding 
the latter cusp as the styloconc (see also 
Sigogneau-Russell 1991a), so that the cusp lin¬ 
gual to it (but labial to the paracone) is a nco- 
morph. *J*hc most recently applied term for this 
cusp in the middle of the preparaCrista is cusp Bj 
(Hu et (tl. 1997), and this usage is adopted 
herein. Symmetrodont upper molars also com¬ 
monly bear one or more cusps placed on the sty- 
lar shelf, distal to the ectoflexus (if one is 
present). That at the corner of the tooth may be 
termed, by convention, the metastyle. The more 
mesially placed cusp has been referred to as a 
posterior stylar cusp (e.g., Fox 1985) or, in ana¬ 
logy with the similarly placed cusp of rribo- 
sphenic therians (e.g., Simpson 1929; Clemens 
1979; Fox 1984a), as stylar cusp D (e.g., 
Sigogneau-Russell 1991b; Sigogneau-Russell & 
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Ensom 1998). Unfortunately, the term “cusp D” 
has also been applied to the metastylar cusp (Hu 
et al. 1997). In order tu avoid confusion with 
this usage or implied homology with the similar¬ 
ly-positioned cusp of marsupials, placcntals, or 
thcrians of “metatherian-eurherian grade," we 
refer to the cusp placed on the stylar shelf, distal 
to the median part of the tooth but proximal to 
the metastyle (with which it should not be 
confused), as a "distal stylar cusp.” 

The medial surface of the dentary in mammals 
commonly bears a lidge, crest, or analogous 
structure, generally near or at the inferior margin 
and located posterior to the mandibular fora¬ 
men, for attachment of the m. pcerygoideus 
medialis. We arc unable to find a standard anato¬ 
mical term for this structure, and various names 
have been applied to it in the literature. Simpson 
(e.g., 1926, 1928a) alternatively referred to this 
structure as a "pterygoid crest" or “pterygoid 
ridge,” sometimes using both terms in the same 
work (e.g., Simpson 1929). Recent authors (e.g., 
Rowe 1988) sometimes refer ro it as a “pterygoid 
shelf,” and this term has become standard for 
nuiltitubcrculates (e.g., Miao 1988; Gambarayan 
&' Kielan-Jaworowslta 1995), in which the infe¬ 
rior margin of rhe dentary is strongly inflected 
lingually. In order to promote precision in usage 
and to avoid confusion in character srate or 
implied homology (see discussion in Miao 
1993). we reler to the structure in question sim¬ 
ply as a “pterygoid crest," except where it is 
obviously developed into a shell, as* in multi- 
tuberculates, or into an inllectcd angle, as in 
marsupials and some early Eutheria (see Sanchez- 
Villagra & Smith 1997, and below). At least, one 
of the species described herein is characterized by 
a pterygoid crest that bears a Hypertrophied, 
proecss-likc lingual extension that is unique, 
so far as we are aware. Lacking any standard 
term for this feature, we refer to it as a "pterygoid 
process.' 

Abbreviations eor institutions cited in the 

TEXT 

BM British Museum, London, UK; 

UK FMNH, Field Museum of Natural 

History, Chicago, Illinois, USA; 

GI PST Institute of Geology, Section of Palaeonto¬ 


logy and Stratigraphy, Mongolian 
Academy of Sciences, Ulan Bator, Mogo- 
lian Peoples’ Republic; 

MNA Museum of Northern Arizona, Flagstaff, 
Arizona, USA; 

OMNI! Oklahoma Museum of Natural History, 
Norman, Oklahoma, USA; 

UALVP University of Alberta Laboratory for 
Vertebr.irc Paleontology, Edmonton, 
Alberta, Canada; 

USNM National Museum of Natural History, 
Smithsonian Institution, Washington, 
D.C., USA; 

YPM Yale Peabody Museum, New Haven, 
Connecticut, USA. 


SYSTEMATIC PALEONTOLOGY 
Order SYMMETRODONTA Simpson, 1925 

COMMENTS. — Phis group was proposed by Simpson 
(1925a) ro include then-known taxa (all thought to be 
Jurassic in age) hating the three principal molar cusps 
arranged in a triangular pattern, thereby distinguish¬ 
ing them from the serially tricuspid triconodonts, 
with which they had been previously grouped (e.g., 
Osborn 1888, 1907), Symmerrodonta have long been 
conceived as a pataphyletic group (see, e.g., Patterson 
1956; Cassiliano &. Clemens 1979, fig. 7-4), but this 
simple picture became increasingly complex with the 
discovery of geologically older taxa, particularly 
Rhacto-Liassic Kvihnrothirium Kermack <y al. 1968 
(sec Kermack ei al. 1968) and, later, Won wain 
Sigogneati-Kiiss'cll, 1983 (see Sigogneau-Russell 1983; 
Sigogncau-Russell & Hahn 1995). Mandibles' referred 
to k'u ehneiuheriu m . at least, retain a posrdeiuary 
trough and jitachment lacers liar the postdentary ele¬ 
ments seen in cynodonts and primitive mammals such 
as Alorgaininj/lmi Kiihne, 1949 and docodonrs 
(Kermack fie Mussetc 1958; Kermack cl at. 1968; 
Kermack mil. 1973; I illcgraven & K hi sat 1991), and 
lack derived features (.such as a. ptcrygnid crest) found 
in other mammals, including some triconodonts (e.g., 
Rowe 1 OSS; Wihle 1991: Wible fie Hopson 1993). 
Hence, either the mammalian middle ear complex oi 
the '‘reversed triangle" pattern of upper and lower 
molars evolved independently more than once; both 
cases have been argued (see, e.g., Allin fi£ Hopson 
1992; Rougicr er al 1996). Prochero (1981) resolved 
this problem by excluding Knehueatherium front 
Symmetrodonta (see also I lopson 1994), but bis ana¬ 
lysis did not include non-tneriati groups, and it is 
unclear how other, more recently described taxa (e.g.. 
Won lei's in. Zhangheothenum Hu et at., 1997, 
Thereuodott Sigogncau-Russel I, 1989, Shuothermm 
Chow &C Rich, 1982, Kotatherium Datta, 1981, and a 
host of enigmatic taxa from the Campanian Los 
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Alamitos fauna of Argentina; see references cited 
above and Dana 19S1; Chow Sc Rich 1982; 
Sigogneau-Russell 1989; Bonaparte 1990; Sigogncau- 
Russell 1991b; Prasad & Manilas 1997; Sigogneau- 
Russell & Ensoul 1998) would fit into this scheme. 
The situation is further complicated by the feet that 
some molars of Amphilestidae, generally placed in the 
Triconodonta (e.g., Simpson 1945), have their princi¬ 
pal cusps arranged in -alt obtuse triangle, and a 
relationship to SyiTUlierrodonra has been suggested on 
this basis (Mills 1971; see also Jenkins & Sc nr. O' 1988; 
and discijs.jion in Kielan-Jaworowska Sc Da„$hzeveg 
1998). Fox (1985) proposed a rrifold classification of 
Symmetrodontn. including Tmodontklac (containing 
Kuehneothenum and several other raxa, as well as 
Tinodon). Kuehneothenum has heen shown to he high¬ 
ly similar to Tinodon (e.g., Ctompton Sc Jenkins 
1967), but its placement jn the Tinodontidae is pla¬ 
gued by die same difficulty as its referral to 
Symmetindonta in general: it retains an extremely pri¬ 
mitive jaw structure, whereas in Tinodon the post¬ 
dentary elements were evidently detached and a 
pterygoid crest is present (see Piothcro 1981). We can 
offer nothing new to solve this dilemma atid thus have 
not attempted to define or diagnose Symmetrodonta. 
However, there are some data to uphold integrity' ol 
the “core" group, Spalacotheriidae. Pending further 
analysis and, hopefully, more data It Pin the fossil 
record, we find it useful to retain a traditional, inclu¬ 
sive concept of‘'symmetrodonts” (e.g., Cassiiiano & 
Clemens 1979; Pox 1985). A rccenr, comprehensive 
discussion of the problem in defining Synnnc- 
trodonta, together with a thorough historical review 
of relevant taxtu is given by Sigogneati-Rmseli Sc 
Ensont (1998). McKenna & Bell (1997) distributed 
the contents ol the Symmettodoma among several 
higher groups within Mammalia, which they diagnos¬ 
ed primarily on the basis of detachment of accessory 
jaw bones (postdentary complex) from the cranio- 
mandibular joint and their association with die cta- 
nium as elements of the auditory apparatus. "Phis 
arrangement implies a reversal for Kuelmeolheruun 
which, as noted, evidently retained a full complement 
of postdentary elements that were well integrated with 
the dentary. 

Recently, the term “ ITieriu" lias bce/i formally defined 
as a crown-based raxon restricted to the common ances¬ 
tor of marsupials, pl.iccnt.il',, and all of its descendants 
(Rowe 1988). Herein wc follow a more traditional,, 
informal concept that also includes "Theria of meta- 
dierian-etitherian grade,' peramurans, eupantotheres', 
and symmetrodonts (e.g., Patterson 1956), in recogni¬ 
tion of die current instability' in phylogenetic interpre¬ 
tation of the major groups of mammals. 

Family SPALACOTHERIIDAE Marsh, 1887 
Type genus. — Spalacotherium Owen, 1854. 


INCLUDED GENERA, —The type, and Spolacotheroides 
Patterson, 1955; Symntetrodontoides Fox, 1976; 
Spalocotheridtum Cifelli, 1990; Microderson 
Sigogneau-Russell, 1991; Zliangheotherium Hu et aL, 
1997; and Spolocolestes , n. gen. 

Distribution. — ’Late Jurassic through Early 
Cretaceous, western Europe {Clemens 1963; Clemens 
& Lees 1971; Krebs 1985); Early through Late 
Cretaceous, North America (Patterson 1955: Fox 
1976); Late Jurassic or Early Cretaceous, Asia (Hu 
et ul, 19.97): ?Early Cretaceous, notthem Africa 
(Sigogneau-RusselI 1991b). Spohuntherium was first 
described from the Purbeck beds, lladilionally regard¬ 
ed as Upper Jurassic (see discussion in Clemens et ol. 
1979). Recent literature increasingly refers the 
mammal-bearing part of the Ptirheik to the Berrlasian 
(Lower Cretaceous, see Allen & Wimbledon 1991; 
Kielan-Jaworowska Sc Ensom 1994, Sigogneau- 
Russell Sc Ensom 1994; Ensom & Sigogneau-Russell 
1998). 

Revised DIAGNOSIS. —Syimnerrodoms with lower 
molars bearing well-developed primary cusps (para- 
conid, protoconid, metaconid) arranged in an acute 
angle, a reduced lalotiid; five lower molars present in 
Zhongheoiherht») , increasing to six or mote, where 
known, in other taxa. Unique pattern of interlocking 
for lower molars, wheteby the distal cinguhr cusp of 
one molar is placed labial to die mesial angular cusp 
of the succeeding tooth. Upper molars primitively 
with accessory cusp (B|) on preparacrisra between 
paracone and xtylocone. 


Comments 

A more detailed diagnosis of Spalacotheriidae 
was given by Fox (1985), based on then-known 
taxar SpdldCotbcriuhu Spdhico th do ides , and 
SymmetrOrhmtohles. the concept of the family is 
broadened here to include Zhanghcoiherium, 
recently described from the Late Jurassic or, more 
probably. Early Cretaceous of China (Hu et ol. 
1997). By comparison to remaining spalaco- 
theres, Zhiingheotherium would appear to be pri¬ 
mitive in some respects, such as the lower 
number of molars, Hack of continuous mesial 
and disral shearing surfaces on molars (upon 
eruption), and, perhaps, features on the medial 
side of the dentary (see below), In other respects, 
such as the complete lack of cingula on the lower 
molars, Zlmigheothcriuni is strikingly atypical. 
Nonetheless, molar morphology is otherwise 
similar to that of Spultuutherhnu, particularly in 
the presumably derived features cited in the dia- 
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gnosis. We tentatively follow Hu et til. (1997) in 
referring Zhangheotherium to the Spalaeo- 
theriidae. Cusp B, is present in Spaiaeotherium 
(e.g., Clemens 1963), Spalacntheroides (see 
Patterson 1956), arid Zhangheotherinm (see Hu 
et al 1997), rite geologically oldest and, for rea¬ 
sons detailed below, considered by us to other¬ 
wise be the most primitive members ol the 
family. We therefore tentatively regard the pre¬ 
sence of cusp B to be primitive for (and dia¬ 
gnostic of) Spalacotheriidae, .Sigogneau-Russcll 
& Ensoni (I99S) considered ihe loss of 
Crompton (!971)'s facet A as characterizing 
Spalacotheriidae. It is presently uncertain as 10 
whether or not facet A is seen in Zhttngheo- 
therium , and this feature has accordingly been 
omitted from the diagnosis, pending detailed 
description of that taxon. 

Microderson , represented by a single tooth belong¬ 
ing to the type and only species, M. lutiroussii 
Sigogneau-Russcll, 1991, from the Early 
Cretaceous ol Morocco, was initially described as 
a spalacotheriid (Sigogneau-Russcll 19.91b), but 
its pertinence to the family has recently been cal¬ 
led into question (Sigogneau-Russcll Ensom 
1998). We tentatively include it here for the sake 
of completeness but, because it is poorly known 
and of enigmatic affinities, make only passing 
reference to it in the comparisons below. 

Given the low known diversity of symme- 
trodonrs and their meager representation in the 
tossil record, ir comes as somewhat of a surprise 
that several species, collectively represented by 
more than 250 Specimens, are present in the 
MuSsentuchit local fjuna. Most of ihese speci¬ 
mens ate isolated teeth, many of which are worn 
or incomplete. I bis, coupled with the facts rhar 
the species are quite similar to each other and to 
named taxa from North America, that the tooth 
rows include many molars (probably seven in the 
lower series and six in the upper series) thaL are 
rather simple and vary in only subtle ways from 
one position lo the next, and that no closely' 
similar taxon is known by anything close to a 
complete dentirion, makes identification ol 
taxon and tooth position less than straight¬ 
forward (see also Mills 1984). We gave first consi- 
der-ation in our analyses to the lower molar 
series for several reasons. First, the sample of 


lower molars is comparatively large, thus permit¬ 
ting statistical treatment and some appraisal of 
variability. Second, the most morphologically 
informative specimens, both from the Cedar 
Mountain Formation and elsewhere (e.g., fox 
1976), are dentigerous mandibular fragments. A 
final, most compelling reason for giving primary' 
eonsider-ation to the lower molars is that the 
holotypcs of all spalacotheriid symmetrodonts 
(except Microderson) include lower molars, and 
most species arc based on lower molar series or 
individual teeth. 

The less numerous upper molars were then assi¬ 
gned to lower molar taxa based on size and mor¬ 
phological considerations, and were Sorted to 
locus (see below). Judged from the composition 
of the MusSeiuuchii local fauna (Cifelli et til. 
1997, 1999) and comparison with Spalaco - 
thorium (see Simpson 1928a), Spalacotheriid pre¬ 
molars are dearly present in the existing collec¬ 
tion. No attempt was made to sort these 
accord ini’ to taxon, however, because of the diffi- 
culties posed by assignment to locus; hence, only 
the molar dentition is considered herein. 

Lower molars 

Fortunately, one of the taxa from the Cedar 
Mountain Formation is known by a relatively 
enormous sample; several jaws are included, and 
as a result the last four molar loci of the mandi¬ 
bular dentition are represented by teeth in place. 
A dentary fragment preserving the anterior part 
of the molar series, including three loci, is known 
for the closely similar Symmetrodontoidcs cana¬ 
densis (see Fox 1972, 1976). These specimens, 
together with comparison to the complete denti¬ 
tion of the somewhat more- divergent Spalaco- 
iheriunt (see Simpson 1928a; Clemens 1963), 
provide the foundation for evaluating position of 
isolated teeth on the basis of relative crown 
height, differences in the proportions ol the lin¬ 
gual. cusps (paraconid, metaeonid),. acuteness of 
the trigonid angle, configuration ol the lingual 
cingulum, width to length proportions, and 
other considerations. 

Once the lower molars were sorted to their relati¬ 
ve and approximate positions in the tooth row, it 
became apparent chat three diagnosablc species, 
differing in size (Fig. 4) and morphology', were 
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Fig. 4. — Bivariate scatterplots for lower molar length (L) and widlh (ANW) of Spalacotheriidae from the upper Cedar Mountain 
Formation by inferred tooth locus. Symbols: circles. Spalacotheridium noblei n. sp.: squares, Spalacolestes cretulablatta n. gen., 
n. sp.; triangles, Spalacolestes inconcinnus n. gen., n. sp.; diamond, gen. and sp indel. 

present in the sample: the well-represented taxon represents a fourth, unidentified taxon. For the 

just mentioned, known by several jaws and near- species represented by the largest sample, it was 

ly 100 isolated molars; a smaller species, repre- then possible to conduct detailed comparisons in 

sented by about 35 isolated teeth; and a larger order to identify tooth locus more precisely, eVa- 

species, for which only three lower molars arc luate variability ar each tooth position and difte- 

known. One problematic specimen evidently rences between adjacent teeth (in terms of their 
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measurements), and estimate tlie molar count. 
These results were then used for refinement of 
identifications for the other species. Description 
of the results is deferred to the individual species 
accounts, but some prefatory comments are war¬ 
ranted here because of the need to provide a basis 
for comparison with previously described species, 
and the implications of the results presented 
herein for interpretation of tooth position among 
specimens referred to those species. 

As mentioned, the best-represented spalaco- 
thcriid of the Miissentuchit local fauna is known 
by the last four lower molars in place, as well as 
by a large sample of isolated teeth. Except for the 
last molar, which is morphologically distinctive, 
it is not possible lo identify positions of indivi¬ 
dual posterior molars with certainty because of 
overlapping ranges of variation between loci. 
Nonetheless, the isolated molars fall into reco¬ 
gnizable clusters corresponding to known tooth 
positions, and we consider our identifications to 
he probable, with mistaken identity by more 
than one tooth position being unlikely. 

Among the isolated teerh' representing anterior 
molar loci, one group is consistently and clearly 
recognizable. Based on known trends in the denti¬ 
tion of spalacotheriids (e.g., Simpson 1925b. 
1928b; Clemens 1963; Fox 1976), these teeth can 
he confidently identified as ml. I he teeth that are 
morphologically intermediate between this first 
molar and rhe anteriortnost of those in known 
tooth positions fall into two clusters, recognizable 
on the basis of both qualitative and quantitative 
characteristics. Again,, however, because of over¬ 
lapping ranges of variability, individual teeth can 
be identified with probability, not certainty, 
according to position. Hence the available data 
indicate that, in this species at least, seven lower 
molars were present. Rather than using quotation 
or question marks on the numerous specimens 
cited below, we .simply call attention ro the facts 
that a complete dentition of a North American 
spalacotheriid remains unknown and that, in any 
case, identification of isolated molars (except die 
first and last, which are morphologically distinc¬ 
tive) cannot he established unambiguously, even 
wirh complete specimens at hand for comparison. 
The identifications of teeth to respective loci 
should be regarded as tentative. 


Of the remaining spalacotheriids from the 
Musscntuchit local fauna, comparison with the 
taxon just mentioned indicated that a second 
species is represented by teeth recognizable as 
belonging to the first six lower molar positions; 
these will be referred to as ml-6. It is unclear as 
to whether an m7 was lacking in this species, or 
is not represented in existing collections. The 
third diagnosablc species is known by only three 
lower molars, each recognizable as to locus with 
the same confidence as the morphologically simi¬ 
lar, best-represented species. 

Among described species of North American 
Spalacotherudae. the best known is Sytnmetro- 
dantoidcs camdemh, the holotype of which (UA 
8.588) consists of an incomplete jaw with three 
teeth. These were identified by Fox (1976) as 
probably representing m3-5. The basis for this 
identification was a referred specimen, UA 
] 2086,. a mandibular fragment with a molari- 
form tooth considered to be ml. The tooth of 
UA 12086 has a broadly obtuse rrigonid angle 
that, if compared to UA 8588, would form a 
graded series with the teeth on the latter speci¬ 
men, assuming that an unrepresented tooth posi¬ 
tion intervened between the two specimens. 
Dentigerous jaws and numerous isolated teeth 
similar to that of UA 12086 are known from the 
Cedar Mountain Formation, and work in pro¬ 
gress by one of us (RFC) indicates that these are 
not lower molars of.spalacotheriids. Comparison 
of UA 8588 to the extensive series mentioned 
above indicates that the teeth in this specimen 
are ml-3. Fox (1976) also referred an isolated 
molar, UA 12087, to Symmetrodonloides cana¬ 
densis, As demonstrated by Fox, this tooth clearly 
represents a more posterior tooth locus. 
Consideration of the proportional differences 
between this specimen and m3 of the holotype, 
together with the large sample from the Cedar 
Mountain Formation, suggests that UA 12087 
probably is an m5 or, as Fox (1976) suggested, 
m6. 

Other species are known by isolated teeth only, 
and identification of tooth position is more pro¬ 
blematic. The first Syntmetrodont to he des¬ 
cribed from the Cretaceous of North America is 
Spcilacotheroid.es bridwelli, from the Aprian- 
Albian of the Trinity Group, Texas. S. bridwelli 
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was based on a mandibular fragment with a 
single lower molar (Patterson 1955); several 
upper molars were later referred to the species 
(Patterson 1956). Patterson (1955) suggested 
that, as with Spalacotherium , Spnlatorberoides 
probably had seven molars, and that the tooth in 
the holotype (PMNH PM 933) is the antepenul¬ 
timate — i.e., m5. Pox (1976) indicated that this 
tooth best matches the second moth on the holo¬ 
type of Symmetradontaules canadensis, then iden¬ 
tified as m3 or 4 and considered herein to be 
m2. We concur in terms ofsize and overall mor¬ 
phology, we find PM N H PM 933 to be mosr 
similar to m2 or 3 of Syminetrodoiitoides. 
However, the par.ieonid on PMNH PM 933 is 
lacking. For this reason, and because tooth locus 
cannot be reasonably hypothesized without other 
specimens belonging to the same species, the 
lower dentition of Spaliicatberoides bridiuelli must 
be set aside bom comparisons for the time being. 
This species is said to differ from SpaLicntberium 
(see Patterson 1955) and all other Spalnco- 
theriidae (Fox 1976) except Zhclngheotberium in 
having an incomplete labial cingulum. No other 
lower molars are yet known for S, bridwdli. A 
somewhat more obtuse-angled tooth (perhaps 
ml), comparable in size and overall gestalt to 
FMNH PM 933, is now known front the 
Cleverly Formation (RUG, unpublished data), 
which is approximately equivalent in age to the 
part of the Trinity Group that produced 
Spalacotheroides {Jacobs et til, 1991). Unfortu¬ 
nately, the labial side of this tooth is damaged, 
leaving open the question of whether or nor the 
cingulum was complete. 

Three species of Spalacotheriidae have been des¬ 
cribed from chc Upper Cretaceous of southern 
Utah. Spnnietrvdoinoidfs fan Cifelli &C Madsen, 
1986, from the Wahweap Formation (assumed 
to be lower Campanian and approximately equi¬ 
valent to the upper Milk River Formation, 
Alberta, which produced 5. vitiiadcmU ), was 
based on presumed nvl (MNA 4589, the holo¬ 
type) and a referred tooth (MNA 4522) assumed 
to represent in? (Cifelli tk Madsen 1986). A new 
specimen of this species, together with compari¬ 
son to the extensive series representing a morpho¬ 
logically similar species from ^,he Cedar 
Mountain Formation, suggests that MNA 4589 


is an m2 and that MNA 4522 is mb (or, less 
probably,. m5); in4 ot S. foxi is represented by 
OMNH 20135. 

I he Smoky Hollow Member of the Straight 
Cliffs' Formation, late Turonian in age (Eaton 
1991), has yielded two spalacorheriids (Cifelli 
1990), The present comparisons, which include 
new materials, indicate that the holotype of 
Sy nutlet rod o n i n ides nligoduntm Cifelli, 1990 
(MNA 5789) is probably mb (nor m7 as origi¬ 
nally thought), and that the original referred spe¬ 
cimen (OMNH 20381) represents m4. 
Newly-referred specimens include MNA 6047 
and 6755, tentatively identified as m2 and m4, 
respectively; and 29523. a mandibular fragment 
with m2 Fhe holotype of the diminutive 
Spalticothcridnnn mckemuii Cifelli, 1990 is most 
probably m2 (not m4 as originally believed); 
newly-referred OMNH 29524, MNA 6046, and 
OMNH 29526 arc probably ml, m4, and cor¬ 
roded mb, respectively. 

Upper molars 

The upper molars are evidently much more fra¬ 
gile and subject to breakage during the screen- 
washing process: the sample from the Cedar 
Mountain Formation includes only 54 catalo¬ 
gued upper molars, aS opposed to more than 
2t)0 lowers. Of these, 45 upper molars proved 
assignable to Species Init only 31 were Formally 
included in hypodigms because of their greater 
completeness; statistical analysis was precluded 
by insufficient samples. With one exception (des¬ 
cribed under ^Spalacotheriidae, indet.), the 
upper molars readily fell into three categories on 
the basis of size, as had been established for the 
lower molars. Within species, there is variation 
that is clearly due to tooth locus. Trends known 
for Syiumcrrodonts represented by dentulous 
jaws (e.g., SpabicoihcrhiM , Zbnugheoiberium , see 
Simpson 1928b; Clemens 1963; Hu tvs/, 1997), 
together with molars (Fox 1985) of a species 
similar ro those from' the Cedar Mountain 
Formation, provided the basis for establishing 
which teeth were more anteriorly placed in the 
jaw, and which of these represented the first 
molar. For the most abundant species, it was 
then pnssihlc to sort molars injn discrete mor¬ 
phological categories, and to document progres- 
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sive changes through the upper series. We reco¬ 
gnize six morphological categories among upper 
molars of this species, and therefore tentatively 
regard rhe upper molar count as six. This accords 
with the fact that, in the lowet dentition, where 
we believe seven molars are present, m7 is reduc¬ 
ed and has a prevalhd (for shearing against the 
distal face of M6) but no postvallid surface. A 
differential molat count between upper and 
lower jaws is not wholly unexpected, as the 
condition is known to occur in the primitive spa¬ 
lacotheriid Zhangheoiherhnn (see Mu et at. 
1997). Simpson (1928a) regarded the upper den¬ 
tition of I'eralestes (which we include in 
Spalacotherium ) as having seven molars. Clemens 
(1963) later showed that only six were present on 
one specimen, at least; it is possible that molar 
count varied in this taxon. 

Identification of upper molars belonging to the 
most abundant species then served as the basis 
for identifying loci among isolated teeth referable 
to the less abundant raxn from the Cedar 
Mountain Formation, and for morphologically 
similar species front elsewhere. Fox (1985) refer¬ 
red two upper molars to the Aquilan spalaco¬ 
theriid Symmetradonloides atnademh and indicat¬ 
ed that one probably represents a more posterior 
locus than the other. We find this indeed to be 
the case, our comparisons suggesting that 
UALVP 16271 is Ml or 2 and UALVP 16272 is 
M2 or 3 of this species. No upper molars have 
yet been described lot symmetrodonts from 
southern Utah, hut materials in hand suggest 
that the following arc represented; Syrnme- 
trodontoides j'oxi , M4 (MNA V4653); S. oliyy- 
dontos , Ml' (OMNH 295251, M2 (MNA 
V6048, OMNH 29040), and M6 (OMNH 
29039); SpaLtcdtberidiUrn tt/cketitiai, M5 (MNA 
V6756). Other spalacotheriids for which isolated 
upper molars have been described are problem¬ 
atic because only single teeth (rather than series) 
are available, and they arc so different from the 
taxa considered here as to be non-com parable. 
Several isolated upper molars have been referred 
to Spidacotheti/idei bridwclli. Of these, FMNH 
PM 1235 is relatively long mesiodisrally and pro¬ 
bably represents an anterior position, as indi¬ 
cated by Patterson (1956, fig. 1). A cast of 
FMNH PM 1 133, which is just a fragment of a 


tooth, suggests that this may have been a more 
posterior molar. The upper molar series is known 
for Zhangheotheriunr, however, the preliminary 
description and available illustration (which 
shows the upper molars in an oblique orienta¬ 
tion, Hu et at. 1997, fig- 2) permit only cursory 
comparisons with remaining spalacotheriids. Flic 
remaining taxon possibly referable to 
Spalacotheriidae and represented by an isolated 
upper molar is Micrvdersou htaruussiL from the 
Early Cretaceous of Morocco. As recognized by 
Sigogneau-Russell (1991b), this tooth is so dissi¬ 
milar to upper molars of Syrnme trodontoides (and, 
by implication, to remaining taxa considered 
here) that wc cannot hazard a guess as to its posi¬ 
tion in the jaw. 


SPALACOLESTINAE n. subfam. 

Type genus. — Spalacolestes , n. gen. 

Included genera. — The type, and Spalacotberoides 
Patterson, 1955, Sym m el ratio n to ides Fox, 1976, and 
Spiihicotheridium Cifelli, 1990. 

Distribution. — Cretaceous (Apuan-Albian through 
early Campanian), North America. 

DIAGNOSIS. —Distinguished from primitive spalaco¬ 
theriids ( Spi/lacatbenuin , Zhanghcotberium) in posses¬ 
sing the following derived features: molars more 
acutely angled; anterior upper molars with strong 
par.tstyle; upper molars with preparacrista lowci than 
posiparacrista and with distal sty la r cusp present, 
proximal to rhe metastyle. Pterygoid cresr and ptery¬ 
goid fossa, where known ( Spalacolestes , Spalaco¬ 
tberoides) extend anrerodorsally from mandibular fora¬ 
men toward alveolar margin of dentary. 

Commend. — As shown by the comparisons 
below, there is good reason to believe that the 
North American Cretaceous spalacotheriids form 
a monophyletic assemblage with respect to 
remaining members of the family. We formalize 
this relationship by placing the North American 
taxa in their own subfamily, named for the best 
known genus (described below). Within the sub¬ 
family, poorly known Spalacothmbdes is the 
oldest and appears to retain the greatest number 
of primitive features. The remaining genera ol 
Spalacotheriidae ( Spalacotherium , Zhangheo- 
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therium ), not treated in detail herein, are rele¬ 
gated, by default, to Spalacotheriinae (Marsh 
1887), n. rank, which curtcnr evidence suggests 
may be paraphyletic (see below). 

Spalacolestes n. gen. 

Type species. — Spalacolestes cretulablatta n. sp. 

INCLUDED SPECIES. — The type, and S. inconcinmis 
n. sp. 

ETYMOLOGY. — Spa/ax (Greek), mole, and a com¬ 
monly used prefix for genera of this family; lestes 
(Greek), robber, plunderer, and a commonly used suf¬ 
fix for genera of small and presumably stealthy, preda¬ 
ceous mammals. 

DISTRIBUTION. — Albian-Ccnomanian, western 
United States. 

Diagnosis. — Differs from Spnlacotbcrium in having 
more acutely angled trigonids on posterior molars and 
in having lower molar paraconid much lower than 
mctaconid. Differs from Syrmnctrodontdicles in having 
proportionately narrower posterior lower molars with 
mure obtusely-angled trigonids and lesser height diffe¬ 
rential between paraconid and ineUcunid; ml differs 
from that of Sy / onietrocioutoidcs in having lower, mote 
conical paraconid and lower paractistid. Lower molars 
differ (mm ilmse of Spahtanheyidi inn in having a more 
pronounced height differential between paraconid and 
meraeonid. Upper molars similar, where known, ro 
those of Symmetradowoldes, except that Ml-2 have a 
more bulbous-based paracolic with a gently curving 
(not tightly arced or folded) lingua) face. Upper 
molars differ from those of Spahientheroldes and primi¬ 
tive taxa in reduction of the stylocone, lack of cusps 
Rj and C, presence of an extremely low preparactista 
(anterior loci only), and presence nf an enlarged distal 
stylar cusp. Differs from the otherwise similar 
Spalaeotberidium in having deeper irigpn basins and, 
on posterior upper molars, patasryle reduced. 

Spalacolestes cretulablatta n. sp. 

(Figs 6-11) 

Hoi.otype. — OMNH 29600, right dentary with 
m4-7. 

HytODIGM.— The holotype, and the following speci¬ 
mens: 

Jaws: demary with 1114-5, OMNI I 2/421; dentaiy 
with m6, OMNI) 27557. 

Lower molars; ml, OMNH 26424, 26425, 26697, 
29608, 30621. 33044, 33220; m2, OMNH 27451, 
27511, 27541, 32947, 33045, 33054, 33226, 33898; 


m3, OMNH 26698, 27591, 27631, 33047, 33217, 
33851; m4, OMNH 26419, 26420, 26422, 26704, 
26708, 27471, 27484, 27630, 30627, 30628, 30631, 
33055, 33225, 33901; m5, OMNH 26423, 26695, 
26703, 26706. 26707. 27462, 29603. 29606, 30619, 
30620. 33037, 33042. 33043.33049, 33050, 33222, 
33905; m6, OMNH 2/425- 27464. 27569. 29601, 
29767, 30622, 30625, 33040, 33046, 33048, 33218, 
33228; m7, OMNH 27463. 

Upper mulars; Ml, OMNH 26426, 33233; M2, 
OMNH 26686, 29611,32897; M3, OMNH 27512, 
33060; M4, OMNH 26688. 26693. 30611, 30612, 
33057, 33231; M5, OMNH 25796; M6, OMNH 
26691.30614,32949. 

ADniTIONAl KIT ERRED SPECIMENS. - Incomplete 
upper molars, locus uncertain: OMNH 25795, 
26427, 26430, 27632, 33056, 33058, 33059, 33235, 
33237, 33906, 33907. 

Loc.AU I It'S AND HORIZON. — OMNH localities 
V235, V2.39, V695, V794, and V868 (Fig. I); upper 
part of Cedar Mountain Formation; Albian- 
Cenomanian. 

ETYMOLOGY. -— Cretula (Latin, dim. of creta), chalk; 
blatta (Latin), cockroach. Allusion is to the 
Cretaceous age and remarkable, roach-like abundance 
of the species. 

DI AGNOSIS. — The smaller of the two species referred 
to the genus. Differs from the slightly smaller 
Symmetrodonwides ollepdontos in characters noted for 
generic diagnosis auti in having less slender, antero- 
postcriorly compressed lower molar para- and rnetaco- 
iiids. Differs from 5. fox! and S. canadensis in generic 
characters and in being much Smaller. 

Comments and description 
Lower molar series 

Spalacolestes cretulablatta n. gen., n. sp. is the 
most abundant thetian mammal of the 
Musseimichit local fauna -anti is represented by 
94 specimens of the lower molar series. Ol these, 
the holotype preserves the last lour molars in 
place, and two other den in Ions jaws have teeth of 
known position in the posterior parr of the 
series. Isolated teeth not referable to these loci 
can be sorted into three groups based on crown 
height, relative height and position of the para¬ 
conid,. curvature of the lingual cingulum,, and 
other characteristics. .Standard measurements for 
these teeth (Iable 1) also group into distinct 
clusters; as- noted above, we therefore recognize 
seven lower molars. The most morphologically 
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Table 1. — Descriptive statistics for lower molar measurements (mm) of Spalacolestes crstulablatta n. gen., n. sp. See Figure 2 for 
measurement abbreviations and conventions. 



L 

ANW 

Pad-med 

Prd-med 

Angle 

ml 

N 

2 

7 

2 

3 

2 

Range 

0.989-1 016 

0.750-0.856 

0.730-0.750 

0.559-0.716 

61.771-68.440 

Mean 

1.002 

0.801 

0.740 

0.652 

65.106 

CV 

0.019 

0.052 

0.019 

0.126 

0.072 

m2 

N 

3 

4 

4 

3 

3 

Range 

0.496-0.529 

0.694-0.752 

0.431-0.444 

0.415-0.480 

45.600-50.309 

Mean 

0.515 

0.721 

0.437 

0.448 

48.163 

CV 

0.033 

0.037 

0.015 

0.073 

0.049 

m3 

N 

8 

10 

8 

8 

7 

Range 

0.562-0.705 

0.809-0.975 

0.369-0.552 

0.498-0.663 

42.738-48.260 

Mean 

0.626 

0.878 

0.473 

0.562 

45.950 

CV 

0.083 

0.059 

0.113 

0.099 

0.051 

m4 

N 

14 

16 

11 

12 

11 

Range 

0.470-0 675 

0.736-0.963 

0.359-0.472 

0.496-0.598 

29.714-40.046 

Mean 

0.601 

0.868 

0.413 

0.598 

35.068 

CV 

0.106 

0.075 

0.087 

0.086 

0.094 

m5 

N 

18 

19 

12 

14 

10 

Range 

0.387-0.612 

0.742-0.876 

0.362-0.469 

0.501-0.610 

34.071-40.857 

Mean 

0.533 

0.811 

0.406 

0.563 

37.656 

CV 

0.107 

0.046 

0.085 

0.055 

0.063 

m6 

N 

13 

14 

9 

8 

7 

Range 

0.381-0.555 

0.651-0.826 

0.288-0 424 

0.402-0.630 

31-920-37.643 

Mean 

0.480 

0.749 

0.347 

0.522 

34.239 

CV 

0.101 

0.072 

0.117 

0.134 

0.059 

m7 

N 

2 

2 

0 

0 

0 

Range 

0.383-0.410 

0.484-0.487 

- 

- 

- 

Mean 

0.396 

0.485 

- 

- 

- 

CV 

0.048 

0.004 

- 

- 

- 


distinctive molars, identified as ml, have a low, 
anteriorly placed paraconid, somewhat lower 
crown in general, low crown width to length 
ratio, and wide trigonid angle (greater than 60°). 
The second and third lower molars are progressi¬ 
vely shorter, wider, and taller crowned, with a 
more acute trigonid angle (Table I; bigs 4-5) and 
bases of paraconid and mcraconid more closely 
approximated; differences in means lor dimen¬ 
sions of m2 and m3 are significant at the p = 


0.05 level, whereas that for the trigonid angle is 
not (Table 2). These trends are continued 
through the fourth molar; the differences in 
width and length ate not significant between m3 
and m4, whereas r.har for the trigonid angle is; 
m4 has a much more acute angle (Tables I, 2). 
The fifth lower molar is nearly as tall as m4, but 
tooth length and width decrease past m4, and 
the differences between means are highly signifi¬ 
cant. Values for trigonid angle overlap considera- 
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Fig. 5. — Proportional differences (length, width, trigonid angle) according to tooth locus for lower molars of Spalacolestes cretula- 
blatta, n. gen., n. sp. Symbols: circles,ml; squares, m2 upward pointing triangles m3: diamonds, m4; downward pointing tri¬ 
angles. m5; hexagons. rn6 (m7 is omitted because it lacks a metaconid and the trigonid angle cannot be calculated). 


bly between m4-6 (see comments above), and no 
consistent pattern is recognizable. On posterior 
molars, rliere is a tendency For the paraeristid to 
be slightly longer than the protocristid, whereas 
the reverse is true for Symmetruclontoides. The 
sixth lower molar is lower crowned and smaller 
than m3. The last lower molar, m7, is lower 
crowned ver and is by lar the smallest in the 
series. The metaconid on this tooth is lacking 
from OMNH 29600 (the holotype) and from 
one isolated, referred specimen. We consider it 
unlikely that presence of the cusp is variable 
within the species, given the distinctiveness of 
m7, although it is curious that so few molars 


assignable to this locus were recovered, in view of 
the large samples of more mesial teeth. The lack 
of a functional postvallid surface on m7 suggests 
that, as in Zbangheotherium (see Mu et al. 1997), 
Spalacolestes emulablatta bad one fewer molar in 
the upper than lower series. Changes in propor¬ 
tions and trigonid angle through the molar series 
are summarized in Figure 3, and a composite res¬ 
toration is shown in Figure 6C, D. 

All lower molars are double-rooted. None of the 
isolated teeth preserves both roots intact, but 
comparison within this sample, together with 
preserved alveoli on the jaw fragments assigned 
to Spalacolestes cretulablatta, indicates that the 
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Table 2. — Two-sample / test (independent / lest) comparing mean measurements for adjacent lower molars, Spalacolestes cretula- 
blattan. genn. sp. First and last molars omitted because of insufficient data (N for samples are given in Table 1). 



Length 

Width 

Pad-med 

Prd-med 

Angle 

m2 vs. m3 

Difference between means 

0.111 

0.157 

0.035 

0.114 

2.213 

Pooled variance f 

- 3.514 

- 5.664 

- 1.111 

- 3.228 

1.371 

Degrees of freedom 

9 

12 

9 

9 

8 

Probability 

0.007 

0.000 

0.295 

0.005 

0.208 

m3 vs. m4 

Difference between means 

0.024 

0.011 

0.060 

0.035 

10.882 

Pooled variance t 

0.911 

0.437 

2.935 

-1.460 

7.568 

Degrees of freedom 

20 

24 

17 

18 

16 

Probability 

0.080 

0.061 

0.009 

0.016 

0.000 

m4 vs. m5 

Difference between means 

0.068 

0.057 

0.007 

0.035 

2.588 

Pooled variance t 

3.195 

3.238 

0.487 

2.135 

-2.041 

Degrees of freedom 

30 

33 

21 

24 

19 

Probability 

0.003 

0.003 

0.631 

0.043 

0 055 

m5 vs. m6 

Difference between me.ans 

0.053 

0.062 

0.058 

0.041 

3.418 

Pooled variance f 

2.685 

3.899 

3.554 

1.887 

3.097 

Degrees of freedom 

29 

31 

19 

20 

15 

Probability 

0.012 

0 000 

0.002 

0.074 

0.007 


roots were subequal in size (except for m7, in 
which the distal root is .smaller) and mcsiudisrally 
compressed, with a characteristic subrectangular 
cross section that makes edentulous spalaco- 
lestine mandibles easiIy recognized as such. The 
cingulum is complete on all lower molars and is 
especially strong on die lingual side of in I 
(Fig. 7A, B), where it .shows almost no flexure; 
on subsequent molars, it Rexes dorsally between 
the bases of paraconid anti meraconid. The cin¬ 
gulum descends considerably as it extends past 
the interstitial regions ol the tooth, so that the 
labial part of the crown is much higher than the 
lingual side. Mesiolingual and distolingual etts- 
pules are present on the cingulum, as they are ill 
other North American Sptllacotheriidae; these are 
variable bur are generally salient, projecting 
somewhat mesially and disrally (as well as dorsal¬ 
ly) from the cingulum. The paraconid and meta- 
conid of ml (Fig. 7A, B) have conical, well- 
separated bases when viewed Iingually; the ineta- 
conid is about two-thirds the height ol the pro¬ 
toconid, whereas the paraconid is less, than 
one-half the height of that cusp when the tooth 


is viewed Iingually. On m2 (Fig. 7C, D), the tri- 
gonid angle is mote acute, and the bases of para- 
conid and metaconid are more closely 
approximated because the former cusp is more 
posteriorly placed. The paraconid is relatively tal¬ 
ler than on ml, but lower than on succeeding 
molars. The metaconid of m2 is more slender, 
with a less robust base, than on ml. The lingual 
cingulum develops a pronounced lingual flexure 
on m3 (Fig. 7E, F), and this continues on suc¬ 
ceeding molars. The labial face of the protoconid 
on this and succeeding teeth is less rounded and 
more sharply folded than on 111 I-2; the meta¬ 
conid is nearly as tall as the protoconid, with the 
paraconid being only about half as tall as the 
protoconid, viewed Iingually. Of the two basal 
disputes, the distal (i,c„ calonid) tends to be the 
more prominent and projecting; the succeeding 
tooth Fits into the concavity of the distal cingu¬ 
lum lormed labial to the-distal cingular cusp (see 
Fox 1976). By m4 (Figs 7C, H, 8, 9), the bases 
of paraconid and metaconid ate oppressed, with 
a more slender, anteroposrcriorly compressed 
appearance than on anterior teeth, when viewed 
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Fig. 6. — Composite lower molar series in occlusal (A, C, E) and lingual (B, D, F) views; A, B, Spalacotheridium noblei n. sp.; 
C. D, Spalacolestes cretulablatta n. gen., n. sp.; E, F, Spalacoleste s inconcinnus n. gen., n. sp. Tooth series scaled to relative size. 
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Fig. 7. — Scanning electron micrographs, lower molars of Spalacolestes cretulablalta n. gen., n. sp.: A, C, E, G, I, K, M, lingual 
views; B, D, F. H, J, L, N. occlusal Views; A, B, left ml (OMNH 26424); C, D, right m2 (OMNH 33226); E, F, left m3 (OMNH 33851); 
G, H, left m4 (OMNH 26422); I, J, right m5 (OMNH 30631); K, L, right m6 (OMNH 27557); M, N, left m7 (OMNH 27463). Jaw frag¬ 
ments and roots eliminated where needed to improve clarity. Scale bar: 1 mm. 
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lingually. Lower molars 5 and 6 (Figs 71-L, 8) are 
similar, but progressively smaller, with crown 
height decreasing after an apparent maximum at 
m4-5. The last lower molar (Figs 7M, N, 8) is 
distinctive in its much smaller size; although it is 
two-rooted like more anterior teeth, the mera- 
conid and protocristid are lacking, and the distal 
cingulum is expanded. The posreriormosr molar 
(nt7) of Spalncotbcrium is also quite small, but it 
retains a full complement of trigonid cusps (see 
Clemens 1963). 

The available series o( lower molars of Spalaco- 
L’stes cretulahlatta encompasses a wide variety of 
wear stages. As wear progresses, the V-shaped 
notches in paracristid and protocristid become 
rounded and U-shaped. On ml, wear is heaviest 
on the protocristid, which develops a facet that 
dips distally. The wear facets on paracristid and 
protocristid are rather oblique to the occlusal 
plane in early wear, progressively becoming more 
parallel to that plane. In advanced wear stages 
(e.g., OMNH 27569, m6). the crown forms a 
continuous, concave, triangular wear surface that 
dips slightly in a mesial direction. Obliquely 
oriented striations are present on prevailed and 
postvallid faces of worn molars; these are more 
pronounced and recognizable on m4-(7, where rhe 
mesial and distal faces ot the teeth ale somewhat 
more planar than on more anterior molars, where 
the) - arc more convex. The rim of the cingulum 
forms a sharp ridge in unworn teeth, especially 
mesially and distally. With wear, small interstitial 
facets develop mesially and distally, and the sharp 
mesial and distal rims are beveled off into rather 
flat, obliquely oriented facets. 

Mandible 

Aside from small fragments, the dent-ary of 
Spalacolesti's cretulabhua is known from two spe¬ 
cimens, OMNH 29600 and 27421 (Figs 8, 9). 
OMNH 27421 preserves the horizontal ramus 
ventral to rhe level of ml, the posterior alveolus 
of m2, the base of m3, m4-5 intact, and paired 
alveoli for m6-7. Most of the ascending ramus 
and angular region are missing. OMNH 29600 
(the holotype) includes the horizontal ramus pos¬ 
terior to m3 and preserves m4-7 in place. The 
crown of mi is broken from its base and is rota¬ 
ted and displaced; minor postmortem rotation 


and displacement of the other molars has also 
occurred, The posterior and inferior margins of 
the angular region are intact, except for the loss of 
the condyle. The posterior margin is intact for a 
short distance dorsal to the position of the condy¬ 
le; rhe coronoid process is broken obliquely and 
its full extent cannot be determined. 

The horizontal ramus (Figs 8, 9) has a very gracile 
appearance compared to that of Spa/ncotherium. 
The ventral margin of the horizontal ramus 
appears somewhat bowed in lateral view, owing 
to a slightly greater depth beneath m4-5 than 
anteriorly or posteriorly. In dorsal view (Figs 8B, 
9B), the ramus is relatively straight posterior to 
the level of m3; anterior to that tooth position, it 
curves medially. The ascending ramus arises 
about a molar’s length posterior to the position 
of m7 and angles dorsally at about 45° with res¬ 
pect to the alveolar margin of the horizontal 
ramus. The posterior part ol the jaw is also 
remarkably gracile in appearance, the bone being 
very thin in comparison to the far mote robust 
(and larger) mandible of Spalacntberium. 
Proportionately, the ascending ramus is much 
longer anreroposteriorly than it is in Spalaco- 
thenum. 

On the lateral side of the jyw (Figs SC. 9C), rhe 
masseteric fossa is well marked and, owing to the 
form of the angular region (see below) and lateral 
flexure of the anterior margin of the ascending 
ramus, has the. appearance of being quite deep. 
There is no labial maridiluilar foramen present at 
the apex of the masseteric fossa, as there is in a 
number of other primitive mammals (e.g., 
Dashzeveg & Kielan-Jaworowska 1984; Marshall 
&c Kielan-Jaworowska 1992; Cifelli et itl. 1998), 
although there is an extremely small nutritive 
foramen in one specimen (OMNH 29600) at a 
point somewhat dorsal to the apex of the masse¬ 
teric fossa. 

The auterioi margins of the ascending ramus and 
masseteric lossa Ilex strongly in a lateral direction 
as they rise above the alveolar margin ol the jaw. 
Similarly, the inferior margin of the dentaiy in 
the angular region has a salient lateral deflection. 
This .strongly deflected angular region and lateral 
flexure of rhe anterior margin of the ascending 
ramus, together with similarly strong I eat tires on 
the lingual side of the mandible, give the dorsal 


186 


GEODIVERSITAS • 1999 • 21 (2) 




Plippj 


mm. 




Spalacotheriid symmetrodonts from the mid-Cretaceous of Utah 


Fig. 8. — Dentary of Spalacolestes cretulablatta n. gen., n. sp. holotype (OMNH 29600), right dentary with m4-7, in lingual (A) 
occlusal (B). and labial (C) views. Scale bar: 2 mm. 
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Fig. 9. — Dentary ot Spalacolestes crelulablalla n, gen., n. sp. (OMNH 27421), left dentary with m4-5, in lingual (A), occlusal (B), 
and labial (C) views. Scale bar, 2 mm. 


(Figs 8B, 9B) and posterior views of the man¬ 
dible in Spalacolestes cretulablatta an appearance 
that is unique, so far as we are aware, among 
Mesozoic mammals. 

On the lingual side ol the jaw (Figs 8A, 9A). a 
strong crest, which we interpret as being for r.he 
insertion of the m. pterygoideus medi.tlis, des¬ 
cends postcroinferiorly from the junction of the 
horizontal and ascending rami, beginning just 
below the alveolar margin. This crest strengthens 
to a shelf as it passes just inferior to the mandi¬ 


bular foramen, which has double openings lor 
the mandibular canal on one specimen (Fig. 8B). 
The mandibular foramen is comparatively large 
and faces posrerolabially, owing to the great deve¬ 
lopment of the pterygoid crest beneath, the ante¬ 
rior and posterior margins of the mandibular 
foramen are developed as lips that project lin- 
gually as they descend to the pterygoid crest. A 
short distance posterior ro the mandibular fora¬ 
men, the pterygoid crest is developed as a salient 
process that thickens into a robust tip. A deep 
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Table 3. — Measurements (mm) and descriptive statistics for upper molars of Spalacolestes cretulablatta n. gen., n. sp. See 
Figure 2 for measurement definitions. 



Ml 

M2 

M3 

M4 

M5 

M6 

L(N) 

- 

2 

1 

4 

1 

3 

L (Range) 

~ 

1.164-1.225 

0.747 

0.669-0.846 

0.684 

0.546-0.552 

L (Mean) 

- 

1.195 

0.747 

0.745 

0.684 

0.549 

L(CV) 

- 

0.036 

1.000 

0.103 

1.000 

0.006 

ANW(N) 

1 

2 

1 

5 

1 

3 

ANW (Range) 

1.084 

0.971-0.988 

0.949 

0.942-1.113 

0.745 

0.614-0.682 

ANW (Mean) 

1.084 

0.979 

0.949 

1.034 

0.745 

0.656 

ANW (CV) 

1.000 

0.012 

1.000 

0.065 

1.000 

0.056 

POW (N) 

- 

3 

2 

5 

1 

3 

POW (Range) 

- 

1.152-1.168 

1.028-1.038 

0.871-1.090 

0 962 

0.757-0.888 

POW (Mean) 

- 

1.160 

1.033 

0.994 

0.962 

0.813 

POW (CV) 

- 

0.007 

0.007 

0.107 

1.000 

0.083 


pocket is enclosed between the pterygoid process 
(lingually) and the body of the dentary (labially). 
Where present, the pterygoid crest commonly 
extends posteriorly to the condylar region in 
Mesozoic mammals (e.g.. Triconodontidae, 
Tinodontidae, Dryolcstidae, see Simpson 1928a, 
1929); in Spahtcolestet cretulablatta, it terminates 
at the posterior margin of'the process, 1 he ptery¬ 
goid fossa is very broadly developed anterior to 
the mandibular foramen, and in this respect dif¬ 
fers from that of Zbangbeotberiutn. 

No meclcelian groove or poStdentaty trough are 
apparent, nor are scats for the coronoid or other 
postdentary hones, as commonly seen in primi¬ 
tive mammals (Kermack & MuSsett 1958; 
Kermack et al. 1968; Dashzeveg 6c Kielan- 
Jaworowska 1984; Kielan-Jaworowska & 
Dashzeveg 1989; Krebs 1991; Lillcgraven 6c 
Kritsat 1991; Nessov et al. 1994). A vestigial 
trace of the meckclian groove is present anterior¬ 
ly on the dentary of Zbangheothenum , but a 
postdentary trough is lacking. The condyle is not 
preserved, but its position is shown by a slight 
thickening of bone just ventral to die preserved 
posterior margin of the ascending ramus in 
OMNI 1 29600 (Fig. 8A, C). The condyle would 
have been situated at, or slightly below, the 
alveolar margin of the horizontal ramus, lower 
than in Spalacotherium (e.g., BM 47750). 

Upper molar series 

The upper molars (Figs 10, 11) are two-rooted. 
They lack a lingual cingulum (although a faint 


basal swelling is variably present), as seen in 
Symmetrodanloides canadensis (see Fox 1985), 
and cusps on the pre- and postparucrista, as seen 
on upper molars ol Spalacotberium (see Simpson 
1928a), Spa/arothtraides (see Patterson 1956), 
and Zhangbeuiherium (see- Hu et al. 1997). 
Acuteness, transverse width, and height of the 
prcparacrista relative to the postparacrista increase 
irom Ml to M4, which is almost completely 
Symmetrical. The parastvlar lobe and distal stylar 
Cusp are prominent on anterior molars (as they 
are in Syrnmetmdontaides ), and decrease through¬ 
out the series. By conrrast, the parastylar lobe is 
more strongly developed on posterior upper 
molars of Spalacotberium (see, e.g., Clemens 
1963). The paracone is most distally recumbent 
on Ml, decreasing in recumbency through M4, 
where it is symmetrical and erect. Past M4, 
molars are progressively smaller Cl able 3), narrow¬ 
er labiolingually, and have a more posteriorly 
placed paracone. A composite restoration is 
shown in Figure 1 1; many of the trends evident 
in the restored series are also seen in the compo¬ 
site of Kucbtieoibcriitw (see Mills 1984). 

The distolabtal part of Ml (Fig. I0A, B) is not 
preserved on available specimens. The paracone 
is strongly recumbent distallv; its mesial face is 
rounded, lacking the “pinched” appearance, with 
relatively straight shearing .surface, of more distal 
teeth. A weak ridge, which develops heavy wear 
on its occlusal surface, descends almost vertically 
from the apex of the paracone down its meso- 
labial surface; this is equivalent to the prepara- 
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Fig. 10. — Scanning electron micrographs, upper molars ot Spalacolestes cretulablalla n. gen., n. sp.; A, C, E, G. I, K, occlusal 
views; B, D, F, H, J, L, mesial views; A, B. left Ml (OMNH 26426); C. D. left M2 (OMNH 26686); E, F left M3 (OMNH 33060); 
G, H, left M4 (OMNH 30611); I, J, left M5 (OMNH 25796); K, L, right M6 (OMNH 26691). Jaw fragments and roots eliminated where 
needed to improve clarity. Scale bar: 1 mm. 
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Fig. 11. — Composite upper molar series in occlusal view. A, Spalacotheridium noblei n. sp.; B, Spalacolestes cretulablatta, n. gen., 
n. sp.; C, Spalacolestes inconcinnus, n. gen., n. sp. Series scaled to relative size. 


crista, but a crest as such is not developed until 
this surface approaches the parastyle, where its 
presence is only faintly suggested. The parastyle 
is very low, being placed near the base of the 
crown, and is developed as a prominent, mesially 
projecting lobe. A small accessory shelf descends 
lingually from the parastylar lobe near the labial 
terminus of the preparacrista, terminating at the 
base of the crown; there is no odier hint of a cin¬ 
gulum, although the enamel is variably swollen 
on the lingual base of the tooth. 

M2 (Fig. IOC, D) is generally similar to that of 
Symmetrodonuddcs . although the parastyle and 
metastyle are less developed. It differs from Ml 
in having a flattened mesial (prevallum) shearing 
surface, more strongly developed preparacrista, 
more acute angulation, less recumbency of the 
paracone, and less prominent, bulbous parastyle. 
I he postpanacrista descends at a steep angle from 
the apex of the paracone, forming a V-shaped 
notch treat the base of that cusp. The crest ter¬ 


minates near the distolabial corner of the tooth, 
not quite reaching the small metastylar cusp. 
From the metastyle, a faint crest descends I in- 
gually for a short distance along the distal face of 
the tooth, terminating near the base of the rooth. 
This crest (perhaps a remnant of a cingulum) 
evidently formed the margin of die occlusal sur¬ 
face of the rooth, perhaps serving as a guide for 
the corresponding lower molar shearing surface: 
it is oriented at the same angle as wear srriations 
located higher and more lingually on the same 
surface of the molar (e.g., OMNH 32897; 
Fig. IOC, D). Mesial to and separate from the 
metastylar cusp is a prominent, mesiodistally 
elongate, trenchant srylar cusp, as seen in 
Symmetrodontoides. This crestlike cusp extends 
mesially to the ectoflexus, where it meets a lower 
crest descending distally from the region of the 
stylocone. The latter cusp is not preserved on 
available specimens but, if present, it was small. 
None of the M3s in the sample is complete, but 
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available specimens show a continuation of 
trends established in the upper molar series: the 
trigon is mote acute and deeply basined; the 
paracone has only slight recumbency; the pre- 
paracrisia is relatively higher; and the stylar cusp 
is smaller. One broken specimen (OMNI! 
33060; Fig. 10E, F) preserves the paraconal 
crests in pristine condition; cuspules are lacking 
from these. 

j\14 (Fig. 10G, H) is the most transversely deve¬ 
loped, acute-angled, nearly symmetrica] tooth of 
the series; in Spalacotherium (including 
Pemlestes ), It is M3 that appears to be most near¬ 
ly symmetrical (Butler 1939). The paracone is 
mesiodistally compressed, with a distinct lingual 
fold, and is not reemnbent. All specimens are 
almost perfectly symmetrical, except for minor 
differences in the parastylar and metastylar 
regions. The pre-and postparacristae are equal in 
height, enclosing a rather deep trigon basin, with 
flat, strap-like facets (as described for Syrnme- 
trodontoides , sec Fox 1976, 1985) on their occlu¬ 
sal surfaces. The labial surface of the tooth bulges 
adjacent to rhe labial terminus of the preparaeris- 
ta, suggesting the presence of a small stylocone 
(obliterated by wear on available specimens). 
Mesial to this, the parastyle is much reduced, 
forming an inconspicuous knob at the mesiola- 
bial corner of the tooth. The merastyle is similar¬ 
ly developed; just mesial to it, the- fnesiodistally 
elongate stylar Cusp is present along the margin 
of the stylar shelf. This stylar cusp is variable in 
development, being largest in the figured speci¬ 
men (OMNH 30611; Fig. 10G, H), but is much 
reduced in comparison to more anterior molars, 
The cusp descends mesially as a crest rimming 
the stylar shelf and enclosing the trigon basin 
labially in the region of the ectoflexus, where 
there is variably (OMNH 26693, 30611) a small 
cuspule present. 

M5 (Fig. 101, J) is less transverse and forms a 
more obtuse angle than M4. It is somewhat 
lower crowned as well, although the pre- and 
postparacristae are high relative to the apex of 
the paracone, and enclose a deep trigon basin. 
The paracone is more (listally placed than on M4 
or preceding molars, recalling the condition in 
tribosphenic dherians, where the protocone is 
more distally placed on distal molars. The trend 


in the molar series toward reduction ol the para¬ 
style is complete: no trace of it remains. There is 
a faint trace of the metastyle at the distolabial 
corner of the tooth. The distal margin of die sty¬ 
lar shelf is formed by the stylar cusp, which has 
twinned apices in the single complete specimen 
(OMNH 25796; Fig. 101, J). This specimen is 
virtually unworn, and shows (again) the* lack of 
accessory cusps on the pre- and postpatacdsta. It 
also shows that the stylocone, worn Away in most 
other specimens available, is present and is deve¬ 
loped as a trenchant, mesially placed counterpart 
to the distal stylar cusp. 

M6 (Fig. 10K, L) is smaller and less transverse 
than M5- Parastyle and metastyle are lacking, 
and the labial part of the tooth is instead occu¬ 
pied by the stylocone and the distal stylar cusp, 
the latter not quite extending to the distolabial 
corner ol' the tooth. The paracone is more pos¬ 
teriorly placed than on M5; the distal face of the 
tooth is distinctive in being curved, with a 
rounded distolabial corner that differs from the 
more angular appearance of preceding molars. 

Spnlacolestes inconcinmis n. sp. 

(Figs 6, 11-13) 

Hoi.otype. — Right m4, OMNH 33903. 

Hyi’ODIGM. —The holotype, and ml, OMNH 
33039; m3, 33897; M2, 33034: M4, 33911. 

Locality .and horizon. — OMNH locality V868; 
upper part of Cedar Mountain Formation; Albian- 
Cenomanian. 

H’lVMOi ot.Y. — tnamdnnm (Larin), awkward, coarse, 
in reference to die appearance of the reedi when com¬ 
pared to the dainty, elegant morphology generally 
characterizing smaller species of SpalacothcHidae. 

Diagnosis, — The larger of the two species referred 
to the genus; lower molar cingulum better developed 
mesiolabi.illy on ml than in Spalitcolcsics mtvhddatta, 
from which it -also differs in having die trigon Irosin 
incompletely enclosed at the ectollcxus ol posterior 
upper molars. Larger than Symmetrodontoides fhxr, 
approximately similar in size to .9. canadensis , from 
which ii differs in having proportionately narrower 
lower molars and other generic characteristics. 

Description and comments 

Teeth of S. inconcinmis n. sp. resemble those of 


192 


GEODIVERSITAS • 1999 • 21 (2) 



Spalacothenid symmetrodont-s from the mid-Creraceous of Utah 


Table 4 — Measurements (mm) of Spalacolestes inconcinnus n. gen., n. sp.; see Figure 2 for measurement abbreviations and 
conventions. 


Tooth 

L 

ANW 

POW 

Pad-med 

Prd-med 

Angle 

ml 

_ 

1.248 

_ 

— 

— 

— 

m3 

0.962 

1.270 

- 

0.667 

0.739 

43.097 

m4 

1.050 

1.314 

- 

0.660 

0.877 

39.444 

M2 

1 861 

1.356 

1.601 

- 

- 

- 

M4 

1.033 

1.608 

1.564 

- 

- 

- 


S. cretulabLmn in most characteristics, differing 
chiefly in their much greater size (fig, 4) and in 
features probably related to size (such as cusp 
robuSticity), S. inconcinnus ts much less common 
than cither S. cretulablattn or Spabicotheridium 
noblei n. sp., being represented by only five 
molars, two from the upper dentition and three 
from the lower. 

The lower molars are so similar to those of S. cre- 


tulnblntta that only a few comments are warran¬ 
ted. The cingulum is more strongly developed 
than in S. cretulablatin, particularly on ml 
(Fig. I2A, R). In addition, ir appears that, in 
S. inconcinnus, the paraconid is lower relative to 
the metaennid at corresponding tooth positions. 
Variability cannot be assessed with the sample in 
hand, however, and this possible difference has 
accordingly been omitted from the diagnosis. 



Fig 12. — Scanning electron micrographs, lower molars of Spalacolestes inconcinnus n gen , n sp ; A, C, E, lingual views; B, D, F, 
occlusal views: A, B, right ml (OMNH 33039): C, D left m3 (OMNH 33897); E, F, right m4 (holotype, OMNFI 33903). Scale bar: 
1 mm. 


GEODIVERSITAS • 1999 • 21 (2) 


193 






Cifclli R. L. & Madsen S K 



Fig 13. — Scanning electron micrographs, upper molars of Spalacolestes inconcinnus n. gen., n sp.; A, C, occlusal views; B, D, 
mesial views; A. B. left M2 (OMNH 33034); C. D. right M4 (OMNH 33911). Scale bar: 1 mm. 


The only upper molar of S. inconcinnus in which more bulbous, with a more pronounced labial 
the roots can be seen is OMNH 33034 (M2; bulge, than in S. cretulabhtttic, a weak crest, bare- 
Fig. 13A, B), where two are present. A faint swel- ly hinted at in the latter species, extends lingualiy 
ling on the postparacrista, about two-thirds of into the trigon basin from the base of the stylar 
the distance front paracone to metastyle, suggests cusp. The presence of a .small stylocone can be 
the possible presence of a cusp on this crest, bur confirmed on M2 of 5. inconcinnus. On M4 
breakage in this region precludes judgment on (Fig. 13C, D), (he parastylar region and distal 
this point. The crest descending lingualiy from stylar cusp are more bulbous than in S. cretubi- 
the metastyle on M2 is stronger but shorter than blatta, so that the ectoflexus is deeper, although 
it is in S. cretulabhitta. The distal stylar cusp is the distal stylar cusp of S. cretulablatta variably 
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projects farther labially than in the single known 
M4 of S. incancinmis. However, the crests des¬ 
cending to the ectoflexus from the stylocone and 
distal sryiar cusp arc very weak, so that the trigon 
basin is not enclosed labially, as it is in 5. cretula- 
blatta. OMNH 33911 includes die M4 embed¬ 
ded in a fragment of the maxilla. The labial 
margin of the tooth is oriented at a high angle 
with respect to the lateral side of the maxilla (the 
parastyle is near the lateral margin ot the maxilla, 
whereas the distolabial corner of the tooth is 
some distance from it), suggesting that the ros¬ 
trum flared laterally in this region (fig. I3C). 

Genus Spaldcotheridiu»i Cifelli, 1990 

Typh SPECIES. — SjutlacotherifJium mckennai Cifelli, 
1990. 

Included species. — The type, and 
Spalacotberidium noblei n. sp. 

Distribution. — AJbian-Cenomanian through 
Turanian, Utah. 

REVISED DIAGNOSIS. — Spalacotheriids differing from 
other members of the family in their small size (maxi¬ 
mum length and width measurements of molars gene¬ 
rally less than 0-75 min), l ower molars differ front 
those of Spalacotbcrium in being more nearly symme¬ 
trical ana acutely angled; from Spalacotheroides in 
having a complete 'labial cingulum; and front 
Syrnmetrodonioides and Spalacolestes in being lower 
crowned, with paraconid and metaconid subequal in 
development and of approximately equivalent height, 
only slightly lower than the protoconid. and in having 
posterior molars that are proportionately narrower 
and have more obtuse trigonal angles. Upper molars 
distinct from Spalat-nrheroidc > in die presence of a lar¬ 
ger disially placed stylar cusp and more prominent 
parastylar hook (anterior loci), the lack of cusps B ( 
and C, and the extremely low placement of the prepa- 
racrisra (anterior loci). Upper molars differ from those 
of Spa/aco/esies in having a shallower trigon basin, anti 
in the presence of a prominent parastyle on M6. 

Comments 

This genus was originally based on a single molar 
of the type and then oidy .species (Cifelli 1990). 
The recovery of another species, represented by a 
much more extensive sample from the Cedar 
Mountain Formation, upholds the morpho¬ 
logical distinctiveness of these tiny symme¬ 
trodonts. Lower molars of Spalacotberidium are 


generally similar to Spalacotheroides, except for 
the described lack of a labial cingulum in the lat¬ 
ter, hut available materials of Spalacotheroides do 
not permit comparison between rhe two. In 
contrast, the upper molars of the two taxa are 
quite different. By comparison with Spalaco- 
therium , Spalaeothcriditini appears to be primitive 
wirh respect to Symmetrodon to ides and Spa/aeo- 
lesies in the features cited in the diagnosis, 

Spalacotberidium noblei n. sp. 

(Figs 6, II. 14-16) 

Hoi.otyte. — OMNH 25828, left m4. 

HyPODIGM. — The holotype, and the following isola¬ 
ted teeth; 

Lower molars; ml, OMNH 25609. 33038, 33205. 
33221; m2, OMNH 30623. 33219; m3, OMNH 
27261, 29605 , 306.30, 32948, 33041,33229, 33900; 
m4, OMNH 25794, 26421, 27424, 27441, 27593, 
29766, 30626, 30629, 32946. 33215. 3.3902; m5. 
27258, 27629, 29607, 29653, 33052, 3.3053, 33224, 
33899; m6, 29602. 

Upper molars; Ml, OMNH 26429; M2, OMNH 
3306L, M3, OMNH .30618, 3.3895; M4, OMNH 
26689, 26692, 30617, 332.32; M5, OMNH 27595, 
33912; M6, OMNH 27461. 

Additional referred specimens. — Incomplete 
upper molars, locus uncertain: OMNH 26687, 
33236. 

Localities and horizon. — OMNH localities 
V235, V239, V240, V695, V696, V801, and V868; 
upper part of Cedar Mountain Formation; Alliian- 
Cenoinanian, 

F;i'\ MOi Ot,Y, — For the Samuel Roberts Noble 
Foundation of Ardmore, Oklahoma, in recognition of 
its support for the Oklahoma Muscuiit of Natural 
History. 

DIAGNOSIS. — Differs from the most similar species, 
S. mckennai , in having smaller (especially in length) 
lower molars, with more acute rrigonid angle on nt4. 

Comments and description 
S. noblei is rather similar to S. mckennai and is 
distinguishable because the sample of lower 
molars is sufficient to show that the few known 
specimen? of the latter fall outside the range of 
size variation in S. noblei. The holotypc of 
S. mckennai (MNA 5792), identified as m2, has 
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Table 5. — Descriptive statistics for lower molar measurements (mm) of Spalacotheridium noblei n. sp. See Figure 2 for measure¬ 
ment abbreviations and conventions. 



L 

ANW 

Pad-med 

Prd-med 

Angle 

ml 

N 

1 

4 

0 

2 

0 

Range 

0.888 

0.692-0.722 

- 

0.532-0.626 

_ 

Mean 

0.888 

0.710 

- 

0.579 

- 

CV 

1.000 

0.018 

- 

0.115 

- 

m2 

N 

2 

2 

2 

2 

2 

Range 

0.447-0.482 

0.475-0.601 

0.359-0.398 

0.396-0.441 

49.781-54.643 

Mean 

0.465 

0.538 

0.379 

0.418 

52.212 

CV 

0.053 

0.166 

0.073 

0.076 

0.066 

m3 

N 

6 

7 

5 

7 

5 

Range 

0.421-0.539 

0.633-0.795 

0.340-0.411 

0.416-0.511 

42.789-47.581 

Mean 

0.490 

0.711 

0.393 

0.460 

45.490 

CV 

0.087 

0.090 

0.076 

0.072 

0.042 

m4 

N 

10 

12 

8 

9 

8 

Range 

0.411-0.559 

0.559-0.745 

0.318-0.389 

0.402-0.562 

33.018-41.155 

Mean 

0.485 

0.678 

0.358 

0.490 

38.105 

CV 

0.080 

0.073 

0.064 

0.093 

0.075 

m5 

N 

7 

8 

2 

5 

2 

Range 

0.409-0.465 

0.608-0.720 

0.348-0.360 

0.424-0.492 

37.875-39.004 

Mean 

0.446 

0.671 

0.354 

0.452 

38.439 

CV 

0.043 

0.067 

0.024 

0.055 

0.021 

m6 

N 

1 

1 

1 

1 

1 


0.352 

0.537 

0.270 

0.400 

36.642 


length ami width proportions similar to those of 
m3 in S. noblei , which is considerably larger, bur 
the trigonid angle of MNA 5792 is much greater. 
When compared to m2 of 5. noblei , on the other 
hand, MNA 5792 differs greatly in its propor¬ 
tions, falling near the maximum for width and 
the minimum for length (Tables 5, 6), All molars 
of 5. noblei are shorter than m4 of A mckenmii , 
which has a relatively obtuse trigonid angle, des¬ 
pite its tooth position. 

The lower molars of Spalttcotheridinm noblei dif¬ 
fer from those of Sptilacoleucs and Synnnetro- 
dontoides in being proportionately lower crown¬ 
ed, with somewhat more obtuse trigonid angles at 
corresponding tooth positions. The most nearly 
complete ml is OMNH 25609, which lacks only 
the tip of the metaconid and parts of the cingu¬ 


lum adjacent to that cusp (Pig. l4A, 13). The 
paraconid appears to be relatively taller, wirh a 
broader, more robust base than is the case in 
Synntietrodontoide. t or Spnlnco/t'stes , although it is 


Table 6. — Upper molar measurements (mm) of Spaiaco- 
tberidium noblei n. sp. See Figure 2 for definition of measure¬ 
ments. Where more than one specimen was measureable a 
range is given: sample size for each appears in parentheses. 


Tooth 

L 

ANW 

POW 

Ml 

_ 

1.175 


M2 

- 

— 

0.896 

M3 

0.646 

0.743 

0.917-0.957(2) 

M4 0.537-0.551 (3) 0.628-0.827 (2) 

0.754-0.838 (3) 

M5 

0.649 

0.795 

0.746-0.838 (2) 

M6 

0.435 

0.548 

0.441 
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Fig. 14. — Scanning electron micrographs, anterior lower molars of Spalacotheridium noblei n. sp.; A C, E. lingual views; B. D, F, 
occlusal views; A. B. left ml (OMNH 26429); C. D. right m2 (OMNH 33219); E. F, left m4 (holotype, OMNH 25828). Scale bar; 
1 mm. 


still lower than the metaconid. As in all other 
North American SpaJacotheriidae, ml is morpho¬ 
logically distinctive by virtue of the anterior pla¬ 
cement of the paraconid. Length to width 
proportions appear to change through the molars 
series abour as in Spnlaeolestes crctuLtbltllt/l , 
known by a much larger sample; the teeth ate 
lower crowned than in Sym m etrodonto ides or 
Spalacolestes. The second molar (Fig. 14C, D) Is 
considerably shorter than the first; absolute width 
increases through tn4, with in5-6 being sequen¬ 
tially shorter and narrower rhan nt4 (Table 5). 
On m2 and succeeding teeth, the paraconid is 
subeqtial to the metaconid and both cusps arc tal¬ 
ler relative to the protocouid than in Spetbicolestes 
or Symmetrudontoides. However, the paracristid 
dips slightly lower in its median notch than does 
the protocristid. I'lte cingulum is complete and, 
as in Spalacolestes and Symmetrodontoides, bears 
prominent disputes at the mesio- and disto- 


lingttal corners of the tooth. Also as in those taxa, 
the crown is much taller labially than lingually, 
and as a result, the cingulum descends noticeably 
as it proceeds labially from the interstitial regions 
of the tooth. On m4 (Pig, 14E, P), the metaconid 
is somewhat more lingually placed than the para¬ 
conid, so that the protocristid is slightly longer 
dian the paracristid — a condition reminiscent of 
what is seen in Symmetrodontoides , although nor 
so extreme, and the posterior molars never achie¬ 
ve the remarkable trans-verse expansion seen in 
that genus. The dental formula cannot he establi¬ 
shed with certainty. Identification of OMNH 
29602 (Fig. 15C, D) as m6, however, seems 
probable because of its small size, low crown 
height, and proportions. 1 his Specimen appears 
to have an interstitial wear facet on the distal cin¬ 
gulum, suggesting the presence of a seventh 
molar; we tentatively regard the lower series to 
include seven molars. 
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Fig. 15 — Scanning electron micrographs posterior lower 
molars ol Spalacollwndlum noblei n. sp. A, C. lingual views; B, 
D. occlusal views; A. B, left m5 (OMNH 27629); C. D, left m6 
(OMNH 29602). Scale bar 1 mm. 

Wear on molar cusps and crests, prevallid and 
postvallid .surfaces, and cingula is similar to thai 
seen in Sytnmetrodontuides and Spcthicolestes (see 
Fox 1976; Cifelli & Madsen 1986; and descrip¬ 
tion above, see also Crompton n al. 1994 for 
discussion of the relationship between apical 
wear, shearing sutfaces, and enamel microstruc¬ 
ture). Strap-like facets develop along the dorsal 
surfaces of paracristid (where it develops earliest 
and mosc strongly; c.g., OMNH 27424) and 
protocristid, joining ar the protoconid; as wear 
proceeds, these gradually form a triangular, 
concave facet with an emarginated base (corres¬ 
ponding to the notch between the bases of para- 
conid and metacontd). An unusual variant is 
OMNH 33899, a heavily worn m5 in which 
wear is stronger on the labial than lingual .side of 
the tooth, with the result that the paraconid and 
metaconid are taller than the protoconid. 

Upper molars (Figs 11, 16) are generally similar 


to those o ( Sp/tLicolestes m-tulablntta and will be 
described only where they differ or provide addi¬ 
tional information. Ml (Fig. 16A, B) is slightly 
wont, but shows that the stylocone was little 
developed or absent. The parastylar shelf, which 
descends lingually from the me.solabial corner of 
the tooth, has a more planar surface than in 
Spnlaeolestes cretultblalta. This may be related to 
differing wear on the available specimens: the 
parastylar shelf bears a wear facet that is conti¬ 
guous with the prcvallum shearing surface, sug¬ 
gesting that the shell may have-served as a guide 
for the occluding lower molar. No complete or 
lightly worn specimens of M2-3 (Fig. I6C) are 
available; as far as can be determined, they show 
the progressive narrowing of the paraconc and 
reduction of parastyle and metastyle seen in 
S. cmubiblttttet (Fig. 11): the metastyle appears to 
be less developed on corresponding teeth than in 
that species. The trigon basin is not nearly as 
deep as in S. cftlidabhuta or Syftt»u'trod()?noides-, 
this is particularly noticeable on M4-5 (Fig. 16F- 
I), in which there is little relief on specimens that 
are only lightly worn (e.g.. OMNH 26692, 
27595). As with Spa la coles res and Sytmrie- 
trodoutoidcs, M4 is, the most transversely deve¬ 
loped of the upper molars, and is almosr perfect¬ 
ly symmetrical. M6 (Fig. 16J) is impressive by 
virtue of its minuscule size, probably heing smal¬ 
ler relative to MS than in Spabicolestfs. it is simi¬ 
lar in having a curved distal surface and rounded 
metastylar region, but differs in being less trans¬ 
verse and in having a more prominent, projec¬ 
ting parastyle. 

PSpalacotheriidae een. & sp. indet. 

(Fig. 1 7 ) 

SPECIMENS. — Anterior lower molar, probably m2, 
OMNH 33896 (OMNH locality V868); posterior 
upper molar, perhaps M6, OMNH 29612 (OMNH 
locality V695). 

Comments and description 

Two specimens (one upper molar and one lower 
ntolar) from the upper Cedar Mountain 
Formation cannot be rclerred to any of the three 
species described herein, and thus document the 
presence of at least one more species of non- 
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Fig. 16. — Scanning electron micrographs, upper molars of Spalacotheridium noblei n. sp.; A, C, D, F, H, J. occlusal views; B, E, G, 
I. mesial views; A, B, right Ml (OMNH 26429); C, right M2 (OMNH 33061); D, E, right M3 (OMNH 33895); F, G, left M4 (OMNH 
26692); H, I, left M5 {OMNH 27595); J, left M6 (OMNH 27461). Scale bar 1 mm. 


tribosphcnic Theria in the Mussentuchit local 
fauna. If locus is correctly interpreted, the teeth 
appear to come from animals of rather different 
size; hence, they cannot he referred to the same 
species based on present knowledge. 

The lower molar (Fig. 17A, B), tentatively iden¬ 
tified as m2, is intermediate between ml and m2 
of Spalacplestes or Spalacotheridium in terms of 
length-width proportions and general appearan¬ 
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ce; the paraconid is somewhat displaced anterior¬ 
ly and in this respect is reminiscent of a spalaco¬ 
theriid ml (although it is not nearly so anteriorly- 
placed as in ml of all taxa known from the 
North American Cretaceous), yet this cusp is 
better developed, the crown is taller, and the rri- 
gonid angle more acute than is generally seen on 
that tooth. These features suggest, that it is m2, 
implying that the specimen may represent a 
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mesiodistal breadth and low height of the para- 
cone relative to the rest of the crown, and pos¬ 
sible projecting parastylar region (the tooth is 
broken), suggest chut it represents a posterior 
locos, probably the last (M6, if the dental formu¬ 
la was as hypothesized for Spithtcolciics). The 
metastylar cusp is prominent, and there is a 
second cusp (C) on the postparacrista, about 
midway between the paracone and the metastylar 
cusp, and separated from tlie latter by a slight 
notch. A weak crest extends into tlie trigon basin 
from the base of the paracone, I he pteparacrista 
is slightly lower chan the postparacrista, 3tid 
bears a cusp (B,) that is somewhat closer to die 
styloconc (which is broken) than the paracone. 
Distal to die stylocone is a small but trenchant, 
mesiodistally elongate cusp that rims the labial 
margin of the trigon basin. A crest extending dis- 
tally from this cusp does not quite reach the 
metastylar eusp, leaving the trigon basin open 
distolahial.lv. 

The presence ol cusps B, and C on the pre- and 
postparaeriscae suggests that the upper molar (like 
the lower) represents a more primitive taxon than 
named species ofSpalneotheriidne from the medial 
and fate Cretaceous of North America, and are 
resemblances to taxa such as Spitbicotheroides (see 
Patterson 1956, fig. 1), Zhitnghcaiherium (see Hu 
et nl. 1997, fig. 2), and SpaLtrotheriurn (s'ee 
Simpson 1928a, Jig. 34); hut it clearly differs from 
upper molars of dicse as well, indeed, the presence 
of a crest extending labialfy from the paracone is a 
similarity to dryolestoids. Lacking any reasonable 
basis for comparison, we defer further comment 
on these puzzling specimens pending recovery of 
additional materials. 


Fig. 17. — Spalacotheriidae gen. and s>p. mdet. A B, left m2z 
(OMNH 33896) in occlusal (A) and lingual (B) views: C, right 
M6? (OMNH 29612) in occlusal view. Scale bar: 1 mm. 

more primitive species than others known from 
the medial and Late Cretaceous of North 
America. 

The upper molar (OMNH 29612; Fig. 17C) is 
strongly dissimilar to diose of Symmetrodontoides , 
Spalrtcotheridimn , and Spalaco/esta . The absence 
of a metastylar projection, curvature of the post¬ 
paracrista and rounding of the metastylar region, 


Genus Symmetrodontoides Fox, 1976 

Type SPECIES. — Symmetrodoniaides canadensis Fox, 
1976. 

Included species. — The type, .S', foxi Cifelli & 
Madsen, 1986, and 5. oligodontos Cifelli, 1990. 

Distribution. — Turonian through early 
Campanian, western North America. 

REVISED DIACNOSIS. — Large spalacothenids differing 
from other members of the family in having propor¬ 
tionately broad, acutely-angled posterior lower molars 
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(m4-6). Diffen. From SpahirotheridiuM in having lin- 
gually placed paraconid and height diHcrcntiaT bet¬ 
ween paraconid and metaconid; differs' from 
Spalacolates in having more pronounced height diffe¬ 
rential between paraconid and metaconid; diners from 
both in having taller paraconid on ml, with taller 
paracristid. Ml-2 differ from those of Spalacolates and 
Spalacotheridium in having a paracone with less bul¬ 
bous base and lingual face tightly arced or folded, not 
gently curving. 

Comments 

Spiimetrodontoides is not present in rhe Cedar 
Mountain Formation; its contents and diagnosis 
are included herein only to provide a basis for 
comparison. More extended diagnoses of 
Symrnetroduntoidei were given hy Fox (1976, 
1985), based on comparison with Spalacother'tuni 
and the single lower molar of Sptiiacotherotdes. 
The discovery of additional taxa from the 
Cretaceous of North America shows that certain 
features cited in the earlier diagnoses of 
Symmetrodontoidts, such as the presence of a 
labial cingulum and the progressive change in 
trigonid angle of the lower molars series, have a 
broader distribution than previously known. 


DISCUSSION 

Fragmentary as they are, new materials from the 
Cedar Mountain Formation of Utah add sub¬ 
stantially to knowledge of symmerrodont diversi¬ 
ty and morphology in the North American 
Cretaceous. Because many taxa are based on frag¬ 
mentary, often non-comparable remains; because 
their teeth (upon which most raxa are based) are 
of rather simple construction; and because they 
remain poorly known in general, vve do not 
believe that existing data arc sufficient for syn¬ 
thetic consideration of symmerrodont phvlogeny 
in the context of early mammal radiations. 
Accordingly, vve restrict our treatment of rela¬ 
tionships to discussion ul character distributions 
and their possible implications for affinities of 
and within the Spalacotheriidae, summarizing 
these data in a traditional hypothesis of relation¬ 
ships within the family. 

Sigogneau-Russe.ll &c F.nsom (1998) have present¬ 
ed a detailed treatment of molar characteristics 


in Syminctrodoma (including many enigmatic 
taxa not created herein), and we have relied on 
their work in compiling the following compari¬ 
sons. These authors also point out that, in a 
number of respects, molars of spalacotheriid 
symmetrodonts are difficult to distinguish from 
those of certain dryolestoid eupaniotheres; 
indeed, it is possible that dryolestoids arc more 
closely related io spaiacotheriids than has been 
generally believed (see, e.g., Sigogneau-Russell 
1991a). In fulfilling our inrent to focus on 
Spalacotheriidae, we Cannot attempt comprehen¬ 
sive Comparisons herein. We acknowledge the 
existence of a number of similarities in the 
molars of advanced spalacotheriids and certain 
dryolestids,. such as rhe presence of a disral srylar 
cusp and a hooklike paraxtylar lobe, mesodiscal 
compression of the crown, and other features 
cited hy Sigogneau-Ruxsell & F.nsom (1998), as 
well as the markedly lower placement of lower 
molar labial cingulum than lingual cingulum. At 
the present state of knowledge, we believe that 
referral of the taxa considered herein front the 
North American Cretaceous ( Spnliicolheroides , 
Symmetrodotnotdes, Spalaeotheridiitm, Spalaco- 
lestes) to Spalacotheriidae is more compelling 
than to Dryolestidae, based on features of rhe 
dentary (e.g„ peculiar development of the ptery¬ 
goid crest and masseteric flange) and lower den¬ 
tition (e.g., extreme reduction of the talonid and 
characteristics of the roots, see Butler 1939), 
Based on size, morphological appropriateness 
and dissimilarity to other known elements of the 
Mussentuchit local fauna, and (especially) rela¬ 
tive abundance and distribution among the 
known localities, we believe there is vanishingly 
little doubt as to the reference of upper and 
lower dentitions to the respective species describ¬ 
ed herein. 

Dentary 

Th e structure of die dentary and associated post- 
dentary bones has figured prominently in discus¬ 
sion of the origin and early differentiation of 
mammals (e.g., Crompton &: Jenkins 1979: 
Kemp 1983). Mandibles ascribed to Kurhneo- 
therium suggest that a full complement of at¬ 
tached postdentary bones was retained (Kermaek 
et al. 1968), as they were in Morganucodon (see 
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Kermack et a! 1973),. Docodon Marsh, 188] (see 
Kermack & Mussett 1938), and Hatdanodon 
Kiihne & Krusat, 1972 (see Lillcgraven 6c 
Krusat 1991). In tliese taxa, the posteromedial 
face of the dentary bears a prominent postdent- 
aty trough, overhung by a ridge, extending ante¬ 
riorly from the condyle. I he postdentary trough 
housed the articular, prearticular, surangular, and 
angular; artachmenr facets for the curonoid and 
splenial are generally also visible, more anteriorly 
on the dentary (e.g., Kermack et a I 1973, fig. 7; 
Lillegraven & Krusat 1991, fig. 14). I lie mccke- 
lian groove extends anteriorly from the mandibu¬ 
lar foramen and is confluent with the 
postdentaty trough; in Morganucodon ir housed 
the anterior parr of the prearticular (Kermack 
et aL 1973), whereas a splenial is associated with 
(or overlies parr of) the meckelian groove in 
Haldanodon (sec Lillegraven &c Krusat 1991). 
Several other poorly understood or archaic mam¬ 
mals retain an essentially similar condition, 
although the trough and ridge arc not as well 
developed (e.g.,, Shuotherium Chow & Rich, 
1982; Ansktribmpbenos Rich et a I., 1997). In 
most remaining mammals, the meckelian groove 
(where present) is separated from the mandibular 
foramen and the postdentary trough and corres¬ 
ponding ridge are lost, suggesting detachment of 
the main body of postdentary elements from the 
dentary, although attachment at their anterior 
extremity evidently persisted in sonu eupanto- 
theres, such as Ampbitherium Blainville, 1838 
and Petawu * Owen, 1871 (see Allin 6c Hopson 
1992). The condition may he .similar in rhe late 
Jurassic or Farly Cretaceous symruetrodnnt 
Zhaugheothenum , which has a prominent mcckc- 
lian groove and scars for the coronoid and splc- 
nial (Hu et al. 1997), and, possibly, another 
element in addition to the dentary (R. C, Fox, 
pers. comm.). A small coronoid apparently per¬ 
sisted in numerous mammalian groups. First 
reported among "pantutheres" by Krebs (1969), 
facets suggesting presence of the coronoid have 
been reported in the dryolcstoid Henkelotberium 
Krebs, 1991 (see Krebs 1991), various tricono- 
donts including Pfmscolotherium Owen, 1838 
(BM 112) and Ciobiconodort Trofimov, 1978 (see 
Jenkins & Sihafl 1988), rhe cuthcrian 
Prokennalestes Kielan-Jaworowska & Dashzevcg, 


1989 (see Kiefan-Jawoiowslca & Dashzcveg 
1989), paulcholfatiid miiltitubcrculates (Hahn 
1977), and the spalacotheriid Spalarotherium 
(BM 47739). Persistence of the meckelian groove 
(or a remnant of it), which may have boused 
remnants of one or more postdentary elements, 
is even more widespread (see discussions in 
Bcnslcy 1902; Simpson 1928b; Kermack et a!. 
1973). Among synimetrodoim, the meckelian 
groove is presenr in Kuehtteatherimn (see 
Kermack et al. 1968), 'Pi nod on (see Simpson 
1929), Zhaugheothenum (sec Hu tv al. 1997), 
Shuotherium (see Chow 6c Rich 1982), and 
Spalacuiherium (sec Simpson 1928a). The pre¬ 
sence and form of the meckelian groove have 
been used in interpreting the phvlogeny of 
Mesozoic mammals (Luo 1994; see also Hu et al. 
1998). Among the aforementioned taxa, rhe 
meckelian groove is reduced anteriorly in all; in 
Zhangheolherimn, what remains is subparallel to 
the axis ol the denrarv, whereas in Kitelmeo- 
tbenmn . Tinodotu Spalacotheriutn , Tinodott, and 
Shuotherium the meckelian groove converges 
toward the ventral margin of the deniary ante¬ 
riorly. This latter state is presumed to be more 
derived (Luo 1994), but die significance of this 
distribution for symmetrodonts is unclear. Both 
the coronoid and meckelian groove are lacking in 
Spalaco/estes , and available evidence suggests that 
the meckelian groove, at least, was lacking in 
Symmetrodontoides. I lence, both of these features 
were lost within Spalacotheriidae, assuming 
monophyly of the family, 

In primitive mammals such as morganucodon- 
dds and Kuelmeo thermm , the ventral margin of 
the dentary is emarginated posteriorly (as it is in 
advanced cynodonrs), where the postdentary ele¬ 
ments arc positioned (sec, e.g,, Kermack et al. 
1968, 1973; Gamharayan & Kiclan-j3\vorowska 
1995). The evolution ol an angular region and 
process on rhe dentnry of more derived mammals 
is uncertain because of disputed homologies and 
differing criteria on which recognition of these 
characters -are based (sec excellent discussion in 
Wible 1991). An anteriorly placed process is pre¬ 
sent in cynodonrs (Sues 1986) and certain primi¬ 
tive mammals, such as Morganucadon (see 
Kermack et al. 1973), Docodon (sec Kermack &C 
Mussett 1958), and Haldanodon (see Lillegraven 
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& Krusat 1991). Rowe (1988) considered the 
loss of the anteriorly placed process as an ad¬ 
vanced feature characterizing multituberculates 
and therians. Patterson (1956) disagreed with 
identification of this feature as a true angular 
process, pointing out the differences in hoth 
position and inferred function (see also Prothcro 
1981). In Dinnerherium Jenkins et al.. 1983 (sec 
Jenkins etal. 1983), this anteriorly placed pro¬ 
cess occurs together with one that is more poste¬ 
riorly placed, near the condyle, supporting 
Patterson (l956)’s suggestion that the former is 
not homologous with the angular process found 
among thcrian mammals (Jenkins et at. 1983; see 
also Crompton & Luo 1993). Sues (1986; see 
also Gambaravan 6c Kielan-Jaworowska 1995), 
however, suggested that the angular process of 
tritylodont therapsicls and certain therians is 
homologous, indicating that the continuous ven¬ 
tral margin ol the dciuary as seen in taxa such as 
symmetrodonts could have been formed through 
fusion of the two processes seen in Dinne- 
therinm. We can offer nothing in the way of new 
data to resolve this issue. It is worth pointing out, 
however, that all students who have commented 
on the matter have observed that symmetrodonts 
(e.g., Kuehnear her inm , 7 inadon, Spalacotherium , 
Zhangheotherium) lack an angular process or, for 
that matter, any ventral or postcroventral expan¬ 
sion of the dentarv in the angular region (e.g., 
Simpson 1928a, 1929; Prothcro 1981; Hu et al. 
1997); an angular process is also lacking in trico- 
nodontids and gobiconodonrids. This is distinct¬ 
ly different from the condition (where known) 
among eupantotheres and peramurans (e.g., 
Amphitherium , Per a aim. Dryolestidne: sec 
Prothcro 1981) and among tribosphenic mam¬ 
mals. We tentatively recognize the development 
of a posteriorly placed angular process as a de¬ 
rived feature characterizing eupantotheres and 
tribosphenidans (TreChnotheria of Protliero 
1981). This feature is absent in Spalacolestes, as it 
is in Spalacotherium and all other symme¬ 
trodonts. 

A pterygoid crest or pterygoid shelf (Miao 1988; 
Rowe 1988; Gambaravan 6c Kielan-Jaworowska 
1995) on the medial surface of the mandible 
may be related to increased importance ol the 
pterygoid muscle in mandibular adduction, 


translation, and rotation (e.g., Oron 6c 
Crompton 1985). The pterygoid crest is lacking 
in primitive taxa such ns Morganttcodon (in 
which the medial pterygoid muscle is interpreted 
to have been small, Crompton &: Hylandcr 
1986) and Kttchueolherium. Prothcro (1981) 
cited the presence of a pterygoid crest as a synapo- 
morphy of Symmctiodunla (including 
Spalacotheriidac and Amphidontidac), but this 
crest enjoys a considerably broader distribution, 
being present in eupantotheres (e.g., Lanlestes 
Simpson, 1927; Arnblatherium Owen, 1871; see 
Simpson 1929: 63, 68), triconodontids 
(Simpson 1928b), gobiconodonrids (Jenkins 6c 
Schaff 1988), multituberculates (Miao 1988; 
Gambaravan & Kielan-Jaworowska 1995), and 
tribosphenidans (Kielan-Jaworowska 6c 
Daslr/eveg 1989, fig. 20; Sanchez-Villagra & 
Smith 1997), as well as symmetrodonts (except 
Kuehneotheriurn). Rowe (1988, 1993)’s Theriio- 
morpha includes a pterygoid shelf as a diagnostic* 
character (sec discussion in Miao 1993). 
Although the pterygoid crest (and its continua¬ 
tion onto the angle, where present, of the thcrian 
denrary) may be developed as a medial shelf 
(e.g., multituberculates. Marsh 1880; 
Gambnrayan 6c Kielan-Jaworowska 1995) or 
inturned process (e.g., some Cretaceous 
Eutheria, Kielan-Jaworowska et al. 1979), the 
condition among marsupials (commonly termed 
an inflected angle) has been suggested to be a 
derived character unique to the group (Sanchez- 
Viliagra & Smith 1997). However, using the 
definition these authors provide (“a medially 
inflected angular process may he defined as otic 
that projects inward (lingually) at about 
90 degrees with respect to the dorsoventr.il plane 
of the mandibular ramus.” Sanchez-Villagra & 
Smith 1997: 120], we observe an inflected angle 
to be present ill Prokenmtlestes (e.g., GI PST 10- 
5C, 10-6). 

In Spalacotherium , the pterygoid crest originates 
just below the mandibular foramen, The crest is 
incompletely preserved in available specimens, so 
that its full extent cannot be. determined. 
However, it was greatly expanded and, perhaps, 
developed a medial process in the region of the 
mandibular foramen, an unusual leature among 
early mammals. This clearly was the case with 
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Spalacolcstes. Here the pterygoid crest begins just 
below the alveolai margin at the junction of hori¬ 
zontal and ascending rami, descending postero- 
ventrally to the region of the mandibular 
foramen, where it is developed as a large, curving 
process that encloses a small pocket. The strong 
development of the pterygoid crest into a process 
near the mandibular foramen is unusual among 
early mammals; it is lacking in other symnietro- 
donts such as Tinodon and Zlumgheotberium. 
The condition in Sjuilncolestes, in which there 
clearly is a large, reflected process and the ptery¬ 
goid crest continues anterodorsally, is undoub¬ 
tedly unusual and apomorphic. An edentulous 
dentary that we refer to Spabicotberoidcs bridweHi 
(FMNH PM 1025) preserves some limited 
information on the medial side ol the jaw in this 
species. The pterygoid crest clearly originated 
just below the alveolar margin and extended 
posteroventrally, as in Spnhtcolestes, The specimen 
is considerably abraded in the vicinity of the 
mandibular foramen, and it is unclear whether 
the pterygoid crest was developed into a process, 
as in the taxon from Utah. To our knowledge, 
the only other Mesozoic mammal with a ptery¬ 
goid crest that extends anterodorsally and nearly 
teaches the alveolar margin of the dentary is 
Prokennalestes (see Kielan-Jaworowska &T 
Dashzeveg 1989, fig. 20). 

A related and noteworthy feature on the medial 
side of the dentary in Spalrtcolestrs is the great size 
of the pterygoid fossa (wc arc indebted to Z. Luo 
for suggesting this to us). In most Mesozoic 
mammals, such as triconodontids (see Simpson 
1928a) and gobiconodonrids (sec Jenkins tk 
SchafF 1988), the pterygoid fossa extends ante¬ 
riorly to about tlie level of the mandibular fora¬ 
men; in Spitlrtctdates , the pterygoid fossa extends 
well anterior to the mandibular foramen. Among 
spalacotheriids, the presumed primitive condi¬ 
tion (pterygoid fossa terminates anteriorly adja¬ 
cent to the mandibular foramen) is present in 
Spalacotbcritint (see Simpson 1928a) and 
Zhdngbeotberiuin (see Hu el til. 1997), whereas 
the pterygoid fossa extends farther anteriorly in 
Spalacoiberoidei (1'MNH PM 1025). The pos¬ 
terior part of the dentary is not known in other 
taxa; nonetheless, this distribution suggests the 
possibility that the derived condition may repre¬ 


sent a shared, derived feature of North American 
Spalacotheriidae. 

I he ventral margin of the dentary in the angular 
region of Sptitacolberiwn is reflected laterally into 
a “wide, elflected, flange-like masseteric crest,” as 
Simpson (1928a: 102) noted. The same is rtue, 
to a greater degree, in SprtltiadnTes. Although the 
posteroventral margin of the actuary has some 
lateral reflection in certain triconodont.s (Hopson 
1994) and gobiconodonrids (Jenkins &i Schaff 
1988), it is not significantly developed in other 
syinmetrodoius or other Mesozoic mammals, 
and the degree of reflection .seen in Spahito- 
ihmtttn and (especially) Spcllacalcstes is unusual. 
The masseter muscle inserts along the vcnnal 
and lateral side of the dentary in this region, and 
the unusual condition in spalacotheriids is likely 
related to the development or configuration of 
this muscle (the masseteric fossa is also rather 
deep in Spalncotberium and Spuhicolestes). 
Lacking the skull, functional interpretation is 
limited. However, the mandibular symphysis was 
probably tinfused, as suggested by BM 47748, 
referred to Spulacotberinw. The mandible of 
ZJmngbmberium was also tinfused (see Hu et al. 
1997), as is the case with most early mammals 
(Crompton & Hylander 1986). It is likely that 
mastication in spalacotheriids involved signifi¬ 
cant components of mandibular rotation and 
lateral translation: the masseter serves to invert 
the dorsal border of the hemimandibfc on which 
it inserts, and the pterygoid serves to evert ir 
(Oron Crompton 1985: Crompton 1995). 
Hcitoc, there is reason to believe that the unusual 
condition ol the ptery'goid crest and the lateral 
reflection of the posteroventral margin of the 
dentary in spalacotheriids arc functionally related 
features, and that they may indicate some un¬ 
usual aspect (perhaps Strong development) of 
lateral translation or rotational movement in the 
masticatory cycle of these mammals, as suggested 
by consideration of their shearing surfaces (see 
also Patterson 1956: 57; Crompron 1971; 
Sigogiieau-Russell & Lnsom 1998). As has been 
described for lower niolars of North American 
Spalacothetiidae (1‘Ox 1976: Cifelli & Madsen 
1986). upper molars of Spdhicotheridiutil and 
Spidacolestes bear obliquely oriented wear siria- 
tions on both prevallum and postvallum surfaces 
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Fig. 18. — Microwear structures in Spalacolestes cretulablatta 
n. gen., n. sp.; bottom, mesial view showing prevallum shearing 
surface on left M4 (OMNH 30611); box Indicates location of 
enlarged phofo. above Scale bars: lop, 0,1 mm; bottom, 
1 mm. 

(Fig. 18). The relative contributions of lateral 
translation and rotation of the mandible in the 
masticatory cycle cannot, be determined, although 
it is likely that both played significant roles. 

Lower molars 

We believe it highly probable that the lower 
tooth series ot Spalacolestes (and. tentatively, 
Spalacotheridium) included seven molars, as in 
Spalacotherium (see Simpson 1928a; Clemens 


1963); four are present in Tinodon (see Simpson 
1929), six in Zbangheotherium (the described 
specimen is a juvenile and it is possible that not 
all molars were erupted, see Hu el al. 1997), and 
three to six in Ktichneotherinm. Based on siudy of 
edentulous jaws, the lower part of this range was 
thought to lie most probahle for Kuehneotherium 
(see Kcrmaek el al. 1968). Study ot isolated teeth 
suggests that as many as six molars may have 
been present in some individuals (Mills 1984):. 
the most complete alveolar row known for the 
genus shows that at least five were present on this 
specimen (Gill 1974). As noted by Patterson 
(1956), the molar count in symmetrodonts is 
correlated with angulation between principal 
cusps; “acute-angled” symmetrodonts are charac¬ 
terized by a high number of molars. On this 
basis, remaining taxa from the North American 
Cretaceous ( Spalacotheroidcs , Symmetrodantoides) 
probably also had a high number ol lower molars, 
seven being the likely number. Judged by compa¬ 
rison to Kuehneotherium and other outgroup taxa, 
the acute angulation and high molar count of spa- 
lacotheriids represents rite derived condition. 
Individual molar characteristics also set North 
American Cretaceous taxa and Spnlaeotherium 
apart from Kuehneotherium, Tiundon , and certain 
other symmetrodonts. In Kuehneotherium (and 
probablv Woutcrsia. as well), as in morganuco- 
dontids, precise occlusion is dependent on deve¬ 
lopment ot extensive wear facets on corres¬ 
ponding upper and lower molars. In spalaco- 
rheriids, however, matching molar surfaces fit 
more precisely (Crompton & Hylander 1986; 
Crompton 1995), as they do in tribosphenie the- 
rians. In Tinodon, as in Kuehneotherium, separate 
wear laccts develop on occluding surfaces ol the 
principal cusps, whereas in spalacotheriids, 
strong ctests' ate developed between chc proroco- 
nid and lingual cusps, and these form continuous 
prcvallid and postvallid shearing surfaces 
(Crompton & Jenkins 1967; Crompton 1971). 
The condition in Zhangheoiherium is uncertain, 
but it has been described as differing from other 
spalacotheriids in having rounded, conical cusps 
that lack connecting crests (Hu et al. 1997), 
strongly suggesting that ir is similar to Tinodon 
or Kuehneotherium in lacking continuous shear¬ 
ing surfaces. 
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The cingulum anti cingular cusp;, also are 
variable among symmerrodonts. In Kuchneo- 
tberium anti Tinodon, only a lingual cingulum is 
present on the lower molars, the distolingual 
(talonid) cusp is moderately ■well developed, and 
two mesial cingular cusps are present (Crompton 
& Jenkins 1967). A cingulum is lacking from 
lower molars of Zhungheothetium (see Hu ct at. 
1997); it is incomplete lubially, at least, in most 
other primitive mammals, such as Wontersia (see 
Sigogncau-Rnssell & llahn 1995), Morgana- 
codon (see Kcrmack cr til. 1973), and Amphi- 
dontidae (sec Simpson 1929; Trofimov 1980). In 
spalacotheriids, a single mesial cusp is present 
and the talonid is somewhat smaller than it is in 
Tinodon and Knefineotherium (Crompton N 
Jenkins 1967). In addition, all spalacotheriids — 
with the exception o I Zba tighee thorn m and the 
apparent exception of Spahtcorberoides (sec above) 
- have a complete labial cingulum on the lower 
molars. In all of these features, Spalacotheriidae 
appear to he derived with respect to remaining 
symmetnulonrx (see Sigogneau-Kussel! & Ensom 
1998 for discussion of die distribution and varia¬ 
bility in the development o! the lower molar cin¬ 
gulum among svmnicirodonts). 
Spalacotheriidae also appear to he unusual 
among Mesozoic mammals in the manner in 
which their lower molars interlock (we are grate¬ 
ful to Z. I no for pointing this out to us). In 
morgainicodontids and docodoms, the distal- 
most molar cusp, cusp d, fits between cusps h 
and c of the succeeding tooth (see, c.g., 
Crompton Ac Jenkins 1968); presumably modi¬ 
fied arrangements are present in other taxa, such 
as Kuehucothrrium , gobicoiiodotitids, and trico- 
nodontid.s (see Luo 1994; Kiekm-Jaworowska & 
Dashzeveg 1998). In spalacotheriids, the distal 
cingular cusp (which appears to be homologous 
with cusp d) is placed lingual to the mesial cin¬ 
gular cusp (which occupies a similar position to 
cusp e and may be homologous with it) of the 
following tooth, and the mesial cingular cusp fits 
into an embayment of the cingulum that is labial 
to cusp d of the preceding tooth. 

Within Spalacotheriidae, taxa from the North 
Amcricau Cretaceous appear to he advanced with 
respect to Spalacotberium in having more acutely 
angled, higher crowned lower molar trigonids; 


Spnlacotberidiutn is the least extreme in this 
regard (rite Condition is unclear in Spalaco- 
tberoides, but it is probably safe to say that its 
lower molars are more acutely angled than are 
those of Spalucotberiuvi). In species of Spaltico- 
It'ita and Symmctrodontoides, the parnconid and 
paracristid art- distinctly lower than the meta- 
conid and metactisiid on all lower molars (except 
iu7, which in Spalacokstci at least, lacks a meta- 
contd); in species of $ym me trod onto ides , the 
height differential is accentuated. The cusps are 
subequally developed in Spnlacothcridium, 
Spidacothennni (see Simpson 1928a), and Into- 
don , except on ml, where the paraconid is slight¬ 
ly smaller (c.g., LISNiVI 2131). In Woutershi (see 
Sigogneau-Russcll & Hahn 1994), by contrast, 
the paraconid is the taller of the two; in 
A uebneotherium (see Kcrmack el <d. 1968; Mills 
1984), the condition is variable and the cusps 
should be considered silbeqtial in development. 
We concur with Sigogneau- Russell & lirssom 
(199.8) in believing that paraconid and ineta- 
conid were primitively subequal in Spalnco- 
thcriidae (as diey arc, for example, in Zlntngbeo- 
tljcrium), and conclude that the condition in 
Spti/aco/estrs and Syiinnytrndoi/t/iidcs Is derived. 
Both of the last-mentioned genera are characte¬ 
rized by the presence of posterior lower molars 
that are labiolinguallv expanded, owing to a rela¬ 
tively elongate paracristid and lingunlly placed 
paraconid. 

Ul’I'KR MOt AltS 

As with the lower molars, the upper molars of 
Spalacotheriidae are more acute-angled than 
those o( primitive taxa such as Kuebiieotbcrium 
(see Kcrmack et al. 1968) and Tinodon (see 
Simpson 1929). Upper molars of Spalacolestes, 
Syminctrodornaidt's, and Spa In cot her id in in , at 
least, are more acute-angled (assumed to repre¬ 
sent the derived condition) than those of 
Spalacotberium ot Zha ngbeorheri mu. The single 
upper molar oi Spalacotbrroides illustrated by 
Patterson (1956, fig. 1) probably represents one 
ol the mesial led; other spedmens (e.g., FMNH 
PM I 133. 1236) are distinctly more acute. 
Microdcrson (see Sigogneau-Russcll 1991b), 
which resembles North American taxa in several 
other respects, is also rather acutely angled. The 
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paraconc on upper molars of Spalacotherium and 
Zhangheotherimn , like that of North American 
Spalacorheriidae, is extremely tall relative to the 
condition seen in most outgroup taxa (e.g., 
Tinodoti, Kuehncotbet'imn). We suspect that para¬ 
conc height will prove to he a useful character for 
or within Spalacotheriidac when its distribution 
becomes better known. 

Recent studies (e.g., Hu et at 1997; Sigogneau- 
Russell & F.nsom 1998) have followed Patterson 
(1956) iti identifying the mesiolabial cusp on 
upper molars of Spalacothcrium (lacking at 
mesial loci, see Butler 1939) as the styloconc, or 
cusp B; hence, the more lingually placed cusp on 
the preparactista is a neomorph by comparison 
to outgroup taxa such as Kuehneotherium. This 
cusp (termed B, by Hu et at. 1997) is also pre¬ 
sent in Zhangheotheriurn and Spalaco they aides 
(except the mesial molar, FMNH PM 1235, 
figured by Patterson 1956); is it primitive for 
Spalacotheriidac, or a derived feature characteri¬ 
zing these three genera? Other features, such as 
the presence of fewer than six upper molars and 
the ?lack of continuous shearing surfaces, suggest 
that Zhangheotheriurn represents the sister-taxon 
to remaining Spalacorheriidae, in turn providing 
some tentative evidence that the presence of this 
cusp may be primitive for the family. Under this 
interpretation, the absence of cusp B. in North 
American Spalacotheriidac (except Spalaco - 
theroides) would represent a loss. Patterson 
(1956) also suggested that the niesialmost stylar 
cusp of Spalaeothcraides. which lies mesial to the 
preparactista, is a new cusp not present in 
Spalacotherium , and that ir represents one of 
several, independent acquisitions of a parastylar 
cusp in therian mammals. Interpretation of this 
feature is problematic. A parasrylar cusp is lack¬ 
ing in Zhangheotherimn (see Hu eial. 1997). The 
single known upper molar ot Tinodrm (YPM 
13637) lacks the parasrylar region of the tooth, 
although Crompton (1971) restored Ttnoduu 
with a parastylar cusp. A cusp in this position is 
present in Kuehneotherium (see Kermack el at. 
1968). Regardless, the prominent,.hooklike para¬ 
stylar region seen on anterior molars ot 
Symmetrodovtoides (see Pox 1985), Spalaco- 
theridium, and Spalacalestes would appear to be 
an advanced condition by comparison to remain¬ 


ing taxa (sec Sigogneau-Russell &: Ensom 1998). 
Of tlie remaining upper molar cusps, cusp C is 
well marked in outgroup raxa such as 
Kuehneotherium and T'modon, and is present in 
Zhangheotherium , Spalacotherium , Microdersan, 
and Spa taco they a ides. This suggests that the 
absence of cusp C in taxa from the medial and 
Late Cretaceous of North America represents an 
advanced condition. As described by Patterson 
(1956), Spalacorhcroidcs has two disrolabially 
placed stylar cusps (a metastyle and one that Is 
more- mesially placed at the margin of the stylar 
shelf), whereas only one is present in Spahico- 
therium (see Clemens 1963: 376), A single disto- 
labial cusp (merasryle) is seen in A iiehneothedurn 
(see Kermack et at. 1968), Microdersan (see 
Sigogneau-Russell 1991b), and Zhangheodterium 
(cusp "D” of Hu et at. 1997)- Positional evidence 
favors homology of the distalmost cusp (meta- 
sryle; see above) on upper molars rtf these taxa, 
suggesting that rhe more mesial cusp of 
Sp a la t a the to ides is a neomorph. Taxa from the 
medial and Late Cretaceous of North America 
have the distolabially placed metastylar cusp and, 
more mesially, a mesiodistally expanded cusp at 
the margin of the srylni shelf. We tentatively 
regard the latter as homologous with the mesial 
of the two distal stylar cusps in Spalacothcroidcs 
(which wc interpret to be stylnt cusp "D ’ of 
Sigogneau-Russell & Ensom 1998), and its pre¬ 
sence as an advanced feature characterizing 
North American Spalacotheriidac. The condition 
in Spalacalestes, Spatacotheridium , and 
Symmetrodontoides, in which the mesial ol the 
two cusps is strongly developed on mesial 
molars, represents a more derived condition. A 
strongly developed distal stylar cusp is also pre¬ 
sent in the enigmatic Thcreuodon from the Early 
Cretaceous of Morocco and England, which is 
otherwise so different as to be non-comparable 
(see Sigogneau-Russell 1989; Sigogneau-Russell 
Ik Ensom 1998). 

In Spalncotheroidesy as in remaining North 
American Spalacorheriidae, the preparacrista is 
markedly lower lhari the postparacrista, particu¬ 
larly on mesial molars. Judged by comparison 
with Tinodon and Kitehneotbcriunt , this appears 
to be a derived condition, but the distribution of 
the character is difficult to determine from avail- 
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able literature, The preparacrista is clearly lower 
than the postparacrista in Microtjcrson, whereas 
the crests appear to be subequal in development 
in Spa lacotheritint (see Simpson ! 928a, fig. 34) 
and Zhangheorhcriimt (see Hu a al. 1997, fig. 2). 
As noted by box (1985), the stylocone is so small 
in SymmeirotloMoides that it is indistinguishable 
in teeth that have been subject to even moderate 
wear. The stylocone is also small in Spalacolestes 
and Spalaco ther idiam. Comparison with remain-* 
ing Spalacotheriidae ( Spalacotherhm , Spalaco- 
theroides, Zhangbeothevitm ), as well -as Kuehneo- 
rherium , Woutcaia, and Tinodon (in which the 
stylocone is prominent), indicates that the stylo¬ 
cone has probably undergone reduction in the 
taxa from the medial and Late Cretaceous of 
North America (see also Sigogneau-Russell & 
Ensom 1998). 

Comparison of upper molar shape and propor¬ 
tions in Spalacotheriidae is problematic because 
series are known for so few taxa and because, as 
shown above, coronal profile and degree ol sym¬ 
metry varies according to tooth position. Ml/I 
of Spnlacntbcnmii is considerably smaller than 
succeeding molars, whereas in Spa Lieu tberidi uni 
and SpaLimlr.ua. Ml/I is relatively much larger 
(e.g.. Figs 6, II, compare with Butler 1939, 
fig. 7). Insufficient basis for comparison leaves us 
uncertain as to the significance and polarity ol 
this feature. Spalacotheridium , Symmetro- 
dontoides , and Spa la cole ft ex have an M4 that is 
remarkably symmetrical. Past this tooth position, 
molar size decreases, and the Lust molar is signifi¬ 
cantly smaller than its predecessor. Comparison 
to Spnlacotherium suggests that these may be 
advanced conditions. In Spdlacot/ieritnn, poste¬ 
rior molars sequentially develop a parastylar lobe 
that, on the last tooth, projects strongly. A small 
parastylar lobe Is present on posterior molars of 
Spalacotheridium but lacking in Spalacolestes and 
Symtnetroduntoides , suggesting reduction in the 
latter two taxa. All three North American genera 
differ from Spalacotheriuvi in having the para- 
cone progressively placed more disiully on poste¬ 
rior molars (vaguely recalling a similar shift in 
the protocotie of posterior upper molars in tribo- 
sphenic mammals). In terms of crown relief, 
Spalacolestes and Symmetrodontoides differ from 
Spalacotheridium in having a relatively deeper tri- 


gon basin. Microdeyson also appears to have a 
deep trigon basin, but this appearance is due to 
the fact that the paracone is extremely tall in this 
taxon, In remaining Spalacotheriidae, the ttigon 
is much shallower than in Spalacolestes and 
Symmetrodotiioides , so we interpret a shallow tri¬ 
gon basis as most probably representing the pri¬ 
mitive condition. 

Relationships and concludin'!; remakes 
lb summarize, the limited data in hand suggest 
that recently described Zbavgheotheyium is primi¬ 
tive in several respects, and represents the sister- 
taxon to remaining Spalacotheriidae (Fig. 19). 
Spalacotherhm, in turn, evidently is the sister- 
taxon to North American Spalacotheriidae. (We 
have omitted MJcrodcmn , known by a singje 
upper molar, from our phylogeny. As noted 
above, this Moroccan taxon resembles one or 
anorher of the North American spalacotberikls in 
several respects, but tbc significance of these 
resemblances cannnt be evaluated with data in 
hand; .see discussion in Sigogneau-Russell 
1991b.) Of (he North American spalacotheriids, 
the geologically oldest, Spalacothemides bridwelli 
from the Aprian-Albian, appears to retain the 
most number of primitive features, such as the 
presence of cusps B ( and C on the upper molars 
(assuming that t he presence of these cusps is pri¬ 
mitive for Spalacotheriidae). S. bridwelli is un¬ 
usual within the family in that the labial 
cingulum of lower molars is apparently incom¬ 
plete (see Fox 1976). If rh is condition is correctly 
interpreted and nor simply a matter of preserva¬ 
tion (the holotype, FMN11 PM 933, includes 
the only known lower molar of this species, and 
it may he abraded), then we believe S. bridwelli 
to be auiapomorphic in this respect. Of remai¬ 
ning genera, neither Spalacoiberidium nor 
Spalacolestes (two species each) is characterized by 
known svnapomorphies, unless the slight elonga¬ 
tion of the paracnstid cm lower molars of 
Spalacolestes cretulablatra and S. incoucinnus 
represents a shared derived character. Synnndro - 
dontoides (three .species) is the geologically 
youngest and most advanced member of the 
family, characterized by labiolingually expanded 
posterior lower molars. 

Some members of the Mussentuchit local fauna, 
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Fig. 19. — Hypothesis of relationships among Spalacotheriidae; Kuehneotherium included as outgroup, Microderson omitted becau¬ 
se of insufficient data; additional North American species ( Symmelrodontoides oligodontos, Spalacotheridium mckennai , 
Spalacolesles inconcinntis) not included because, they are poody known and, based on present knowledge, add no detail to the phy 
logeny presented. Characters at nodes (see discussion in lexl); 1. (Spatacotlierjidae) mola r s acutely angled; ?gain extra cusp (Bi of 
Hu e; a/. 1997) an upper molars; single mesial angular cusp on lowet molars reduce distal cingular cusp ftalomd) on lower molars; 
unique lower molar interlocking mechanism, whereby the distal cingular cusp ol one molar is placed labial to the mesial cingular 
cusp ol the succeeding tooth; 2, six or more upper and lower motars present: ?pterygoid crest strongly developed in region ot mandi¬ 
bular foramen (known only tor Spaiacathenum and Spalacolcstcs), continuous pravailum and postvaltum shearing surfaces on 
molars; ?posteroinlerior border' qt dentary eURected (known only for SpaldcothStidtp and SpalpdOletste. $), ?labial cingulum complete 
on lower molars (lacking ip Spalacolherpidps ); 3, (Spalacolestipae) rrtockelian g'ooyo toqt; ptervgo 'J crest extends apterodqrsally to 
near occtusal margin of dentary. with pterygoid fossa extending well anterior to mandibular foramen (known only for 
Spalacciheroides, Spa'acofesres): molars higher crowned, more acutely angled; upper molars with parastyle (see Patterson 1956), 
distal stylar cusp, ana preparaertsta lower lhan postparaensta (anterior loci); a upper molars with reduced stylocone. distal stylsr 
cusp entarged, strong, hooktikeparastyle (anterior too), M4 strongly symmetrical, C cusp tost; M6 reduced, with paracone posteriorly 
placed (condilion uncerlam in Spalacotheroides, Synrmetrodonlotdes), 5, ?coronoid tacel lost (condition unknown in 
Spalacctheroidss, Spalacotheridium: Syimvetrodonlpidesh upper molars with deep trigon basin, reduced parastyle (distal looi; condi¬ 
tion unknown In Spa.'acorneroides); lowor molars with paraconid and paracrlstid lower than metaconid and protocrjstld, respectively; 
paraconid ot distal lower molars lingua ly placed, with paracrlstid distinctly longer than protocristid; upper molars with cingulum com ; 
plete lingually; 6, height differential between paraconid and metaconid on posterior lower molars pronounced; posterior lower molars 
broadened; ml with taller paraconid and paracrlstid; MI-2 more acutely-angled, with tess bulbous paracone base and more tightly 
arced or folded lingual face to paracone. 


notably several groups of dinosaurs, appear to 
represent elements of a mid-Cretaceous immigra¬ 
tion event from Asia (Cifelli et ill. 1997). Origin 
of other taxa is more problematic. North 
American Cretaceous triconodontids, for 
example, appear to represent a monophylclic 
group, but their origin within the known Jurassic 
diversity of the family (both New and Old 


World) is uncertain (see Cifelli et al, 1998). If 
North American Spalacotheriidae are mono¬ 
phyletic, as we suggest, then their biogeographic 
ties antedate the hypothesized mid-Cretaceous 
interchange, as they would represent a group that 
was established on the continent by the Aptian- 
Albian, at least. Preliminary studies of somewhat 
older (Barremian) dinosaurs from Utah 
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(Kirkland et til. 1997) and elsewhere in North 
America (Norman 1998) suggest a link with the 
penccontemporaneous or slightly older' Wealden 
assemblage of wesrern Europe. Spalacvtherium , 
the suggested sister-taxon to North American 
spalacothetiids, occurs in the Late Jurassic or 
earliest Cretaceous (Putbeck, see Clemens et al. 
1979; Allen & Wimbledon 1991) to Early 
Cretaceous (Wealden) of England (Clemens & 
Lees 1971) and Spain (Krebs 1985), providing 
corroborative support for the suggestion of 
faunal continuity' between North America and 
Europe prior to the Aptian-Albian (see, e.g., 
Norman 1998). 

The Mussenruchit local fauna includes the most 
diverse assemblage of symmetrodonts known 
from North America, with at least four species 
present. There is no clear temporal trend in 
North American spalacotheriid diversity: one 
species is known from the Aptian-Albian 
(Patterson 1955, 1956), one from the 
Cenomanian (J, G. Eaton, pers. comm.), two 
from the Turanian (Cifelli 1990), and one each 
from two local faunas of the early' Campanian 
(Fox 1976; Cifelli & Madsen 1986). In view of 
the tiny size of most knpwn species, part of this 
may' well be due to collecting biases’, but it is 
notable that spalacothetiids are not only diverse 
but extremely abundant in the Mussemuchit 
local fauna, where they vastly outnumber all 
other mammals except mtlltitubetallates: evi¬ 
dently' they were a rather successful group in the 
mid-Cretaceous of central Utah. Interestingly, 
the distribution of species is decidedly non- 
random in the upper part ol the Cedar 
Mountain Formation. Of the thirty-two sites 
sampled extensively' lot microvertebrates, only 
eight (Fig. 1) yielded remains of Spalaco- 
tberiidae. The- overwhelming majority of speci¬ 
mens referable to Sptilticolestes cmulablatta was 
recovered from a single, heavily-sampled site, 
with fewer numbers from three other sites. 
Spabicotbericlinm nob lei, though less abundant, is 
tar more extensive in distribution: it is known 
from seven .sites, and is quite rate at the major 
locality that produced such a wealth of speci¬ 
mens referable to S. cMuhibhlui. S. incondnnus , 
on the other hand, is a rare species known from a 
single, poorly sampled locality — it is not present 


at the most heavily sampled site or, for that mat¬ 
ter, anywhere else. Given the fact that all sites are 
located in a narrow stratigraphic interval and are 
believed to he essentially isochronous (Cifelli 
et ol 1997, 1999), we consider it unlikely that 
these differences ate temporal in nature. All of 
the sires occur in fluvial overhank deposits. 
Although die dcposicional setting appears to be 
rather similar between sites, we attribute the dis¬ 
tribution of Spalacorheriidae in the upper part of 
the Cedar Mountain Formation as being due to 
differences in habitat preference among species, 
witli Spolarolestcs cretulablntta and, particularly', 
S, inconcmnus , being characterized by r a far greater 
degree of habitat specificity than was evidently 
tire case for SpaLicotheridium noblei. 
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